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PKEFACE. 



The principal object of this book is to supply to readers pre- 
viously unacquainted with anatomical details as complete an 
account as possible of tbe functions of the body. In doing 
this, the author has kept constantly in view the desire of 
the Publishers to supply the information required for the 
Advanced Course of the Directory of the Science and Art 
Department; and at the same time has sought to furnish 
to the junior student of medicine a compendium of physi- 
ology which may assist him in obtaining a clear idea of the 
principles of the science, and prepare him for the perusal of 
works of more elaborate character. 

Necessarily such a book is, to some extent, a compilation; 
but it is hoped that, in grouping of facts, and in directing 
the reader's mind to just conceptions and conclusions, this 
manual may be found to be something more than a mere 
collection of details. 

With a few exceptions, the Illustrations have been engraved 
from pencil sketches, the majority of them original, and others 
taken from sources which are acknowledged; and the author 
takes this opportunity of thanking the Engraver, Mr. Stephen 
MiLLEB, of Glasgow, for the care which he has bestowed on 
them. 

J. C. 
GALW4T, Oct,, 1873. 
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CHAPTER L 



INTRODUCTION— PDKCnONS OF ANTMAT^S— NUCLEATED 

CORPUSCLES. 

L Thb world aioond us is diTisible into the organic and 
inoiganio "worlds; the oiganic world including all bodies 
whim ea&ier are or h$ye been a&Te, and the inorganic com- 
prising all others. 

Physiology is the study of the healthy operations which 
take place in liTing beings; and when the word is used 
without qualification, it is castomary to ocmsider that special 
reference to the physiology of the human body is intended : 
stUl, in its widest signification, it refers to all living beings, 
both animal and vegetable. 

It is a science which goes hand in hand with Anatomy, 
th% study of the structure of living beings; for, as is the 
case with an artificial mechanism, so also with the body, an 
acquaintance with its structure is required to explain the 
way in which it works. 

Anatomy and physiology are not, however, co-extensive. 
On the one hand, there is much physiology which has little 
apparent connection with anatomy; and, on the other, in the 
present state of science, there is much anatomy which can 
be studied without spedal reference to physiology. In fact, 
when the anatomist rises above the mere description of the ' 
particular objects before him, he examines structures from 
two points cf view, one of which is the physiological, and 
has regard to their fitness to 8erv%3 some purpose useful to 
the being to which they belong, while the other is called the 
morphological view^ and looks to the structural affinities of 
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parts in the same or in different species; for example, the 
relations of the human limbs one to the other and to those 
of other animals. 

There is one department of observation in which the 
studies of the anatomist and physiologist become identical, 
namely, Development ; in it series of forms are met with, 
important as such to the anatomist, even in a strictly mor- 
phological respect, while by the physiologist they are viewed 
as phenomena of action of the most remarkable kind, peculiar 
to living beings. 

When physiological investigation diverges from anatomy, 
it comes into close connection with other branches of science. 
For not only have living bodies a structure, but they consist 
of components subject to the laws which govern matter iu 
the inorganic world. Thus the body consists of chemical con- 
stituents, and many of the processes taking place within it 
are of a chemical nature. Its materials are also subject 
to the ordinary laws of physics : scattered through it are 
varieties of mechanical appliances ; special parts are set aside 
for optical and acoustic purposes; and others exhibit electrical 
phenomena of a very remarkable description. The study of 
physiology is therefore very dependent on both chemistry 
and physics. Its connection, however, with these subjects is 
of a different nature from its connection with anatomy; for 
anatomy and physiology are two closely associated depart- 
ments of Biology, or the science of life; while the bond which 
ioins biology to chemistry and physics is simply this, that 
living bodies, being composed of matter, are subject to the 
laws of matter, besides exhibiting additional laws peculiar 
to themselves and termed vital. 

In the following pages attention will be principally directed 
to human physiology, but occasional reference will be made 
to peculiarities of function in other animals; and while 
matters which are peculiar to man will be pointed out, it 
will become apparent that all the larger facts of function, as 
well as structure, are common to man and other animals. 
Indeed, our knowledge of human physiology is largely 
dependent on experiments on dogs, rabbits, horses, birds, and 
even frogs. It will also be our business to enter into various 
anatomical details, to give the student a knowledge of the 
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Btructores piincipally implicated in the physiological pro- 
cesses to be explained; and, in particular, it wHH be necessary 
to describe tbe teocturea or tissues of the different parts, which 
in great measure require the aid of the microscope for their 
examination. This is the department of anatomy termed 
Histology. 

2. living bodies are termed Organisms, because they are 
composed of organs, or parts devoted to different purposes ; 
and the purpose to which any organ is devoted is called its 
function. 

Organs are of various degrees of complexity. In organisms 
of the higher or more complicated description, bodies com- 
parable with organisms of a very simple or rudimentary kind 
exist as textund elements. Such textural elements enter into 
the formation of more complex textural organs (e.g., arteries 
in animals, and vascular bundles in plants), which are dis- 
tributed as component parts of a variety of special organs, 
such as eyo, ear, liver, brain, etc., often the only parts alluded 
to when the term special organ is used. 

3. All organisms are in great part composed, particularly 
their more active portions, of chemical combinations of a 
complex kind, called organic matter, together with which 
there are always, in addition, various mineral constituents 
and water entering into their composition. The most dis- 
tinctive character of organic matter is that it is combustible, 
becoming black when heated over a flame ; and, as this 
blackness is due to carbon, it disappears on further exposure 
to heat and air, leaving the ash or non-volatile mineral 
constituents which are always associated with organic matter. 

Organic matter is divisible into two groups o£ substances, 
which are distinguished as nitrogenous, and nonrnitrogenous 
or carbonaceous; the first containing carbon, hydrogen, 
oxygen, and nitrogen, and the second having no nitrogen in 
their constitution. The products of the complete combustion 
of carbonaceous matters are carbonic acid and water, while 
nitrogenous substances yield ammonia in addition. 

The attraction of both carbon and hydrogen for oxygen is 
very great. Carbonic acid, consisting of one equivalent or 
combining proportion of carbon and two of oxygen, is the 
compovind wblcb i^ formed when carbon is freely exposed to 
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oxygen at a high temperature; and, when oxygen and 
hydirogen gases are mixed, and a light applied to them, they 
combine with explosion, producing water, which consists of 
two equivalents of hydrogen and one of oxygen. Ammonia 
consists of one of nitrogen and three of hydrogen; and, in 
the complete combustion of organic matter, this hydrogen 
may be obtained partly from the organic matter itself, and 
partly from water, the oxygen of which is used in the forma- 
tion of carbonic acid. In less perfect combustion, cyanogen 
in a state of combination may be evolved instead of ammonia, 
by the nitrogen of the organic matter combining with part 
of the carbon, in the proportion of one equivalent of carbon 
to one of nitrogen. 

The combustibility of organic matter depends on its con- 
tained oxygen being less than sufficient to combine with its 
carbon and hydrogen to form carbonic acid and water, and 
on the complexity of its molecules. "While substances found 
native in the inorganic world consist of elements grouped in 
pairs, in which the number of equivalents of the one sub- 
stance bears a simple proportion to the equivalents of the 
other, organic substances present groups of three, four, or 
more elements gathered together in common union, with 
many equivalents of each combined in one molecide, often 
in proportions by no means simple; and more especially are 
the molecules of the nitrogenous constituents of the textures 
complex. 

Tie oxidation of organic matters may take place by other 
means besides a burning heat. Thus it occurs in the form 
of putrefaction at much lower temperatures, especially when 
aided by abimdant moisture. So also, oxidation of organic 
matter and the resolution thereof either into carbonic acid, 
water, and ammonia, or into products of less complete 
decomposition, take place in the interior of organisms during 
life, and are sometimes alluded to under the name of com- 
bustion. 

4. The organic world is divisible into two kingdoms, the 
animal and the vegetable. The power of buildmg up the 
complex molecules of organic matter from the separate 
elements, or such simple combinations as carbonic acid, 
water, and ammonia, is peculiar to vegetAbles, while intelli- 
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gence is confined to animals. All vegetables, however, do 
not possess the building power ; it is apparently a property 
belonging exclusively to green parts : and all a-nima-lff do not 
possess intelligence; but, on the contrary, it may be assumed 
to be entirely absent firom the lowest forms, while it appears 
in obscure and gradual dawnings in others. 

In the region of the minute and simple beginnings of life, 
the animal and vegetable kingdoms touch one another, and 
there may even be a common territory including beings 
which have no claim to be classed in one rather than the 
other. But, growth and reproduction being the highest 
functions of vegetable life, while intelligence is the highest 
aim exhibited in the aniTnal series, vegetable and fl-Tn'mal 
forms rapidly diverge as they become complex, so that those 
of a highly developed description in the one kingdom cease 
to have any resemblance to those of the other. 

5. The fnnctioiIB of animals may be enumerated as nutri- 
tion, reproduction, sensory functions, and movement. The first 
two of these, being equally characteristic of aTiimals and 
vegetables, are sometimes termed functions of orgcmic life ; 
while those varieties of the other two which constitute sensa- 
tion and voluntary movement are distinguished as the func- 
tions of animal life. In all, except the very simplest and 
minutest creatures, special parts or groups of organs are 
devoted to each of these different functions ; while, in addi- 
tion, there is a large amount of structure, whose office is to 
give protection or mechanical support to the rest of the 
body. 

Nutrition includes the various processes necessary for the 
growth of the body and the maintenance of its substance. 
Every living part of every living being undergoes change in 
the particles of which it is composed, attracting and assimi- 
lating to itself materials around it, and parting with others 
which undergo decomposition ; and these processes of waste 
and repair are in proportion to the activity of the part, 
eveiy manifestation of life being accompanied with chemical 
and other changes. Thus a living being is a vortex, the par- 
ticles of which are continually changing, while the form con* 
tinues; and vital energy is a force correlative with mechanical, 
chemical, and other forces found in the inorganic world. 
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It follows from this that every part of a complex body, 
like that of msn, requires a supply of nouriahment to be 
brought to it, and a chautiel of escape for waato products ; 
and to meet these requirementa there are many different 
organs. The inunediate source of nourislimeiit of all the 
tissues is the blood, but to recruit the supply of this fluid 
new materials have constantly to be taken in; and to fulfil 
this end, the alimentary canal receives the food and digests 
it, that is to say, reduces the newly received materials io 
Buch a condition that they can be taken up by processes of 
absorption from the cavity of the canal, and carried to the 
blood. To complete the elaboration of the blood, and free it 
from impurities constantly resulting from waste, a variety of 
oi^ans are engaged, of which the principal are the lungs, 
spleen, liver, kidneys, and skin. Lastly, to convey the 
blood to and from the tissues which it nourishes and the 
oi^^ans in which it b purified, a system of ramifying vessels 
ia required, and a heart wiUi musculu- force sufficient to 
propel the blood through them. 




Big. 1.— DuoBAH or Capillast Netwobe, with termination of an 
Arteiy and oommencement ot a Vein, 
It may be here mentioned that the system of blood-vessels 
ia completely closed in all Tertebrate animala, the blood 
being distributed from the heart by arteries, ciroulating 
through the tissues in a network of minute veasels called 
capillaries, and returning to the heart hj veins. But the 
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capillaries, which have an average diameter of only ^ ^^^ ^ of 
an inch, have walls of extreme tenuity, which allow, with 
the utmost freedom, the transition of materials outwards and 
inwards between them and the surrounding textures. 

Beproduction is the function by means of which new in- 
dividuals are developed from portions of pre-existing living 
beings; and, although it is not generally so diftoed through- 
out &e body as the function of nutrition, but is delegated to 
special parts, yet it may be remarked that in many low 
forms of animal life, and some even of the higher vegetable 
forms, a large amount of reproductive power pervades the 
entire organism. Also, in the higher animals there exists 
an ill-understood connection between the reproductive organs 
and the nutrition of the body generally, which is of a two- 
fold description; the nutrition of the body being importantly 
modified by the condition of these parts, and the minute 
peculiarities of all parts of the body being capable of trans- 
mission to the ofispring. 

Sensation is a psychical, and not a physical condition; 
but it is associated and bound up with changes in the body, 
the seat of which is the nervous system. The mind is not 
influenced by external objects, save when these irritate 
nerves or organs of sense into a state of activity, and the 
active condition, travelling along nerve-trunks, reaches the 
part of the brain with which the mind is specially and in- 
scrutably linked. And not only is an active condition of 
the brain necessary to influence the intelligence by external 
obiects, but a like active condition accompanies all emotion 
and ev;ry operation of the mind. 

Movement of a voluntary description is accomplished by 
muscles receiving, through nerves, their stimulus to action 
from the brain, which in turn is stimulated in an unknown 
way by the will. Thus, the central nervous system is both 
the terminus to which messages from the organs of sense are 
sent, and that from which commands to the voluntary muscles 
proceed. 

All sensory function, however, is not sensation, and all 
movement is not voluntary.. The nervous system may 
receive an influence from without, and transmit it to groups 
of muscles, without intervention of any act of consciousness. 
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This is what is called reflex action (p.lTd)^ and in such a 
case the part irritated, from which the nervous impulse 
starts, is still said to have sensibility ^ and the nerve to be 
sensory, although there is no sensation, and the movement is 
involuntary. Also, the property of response to irritation is 
not confined to the nervous system; structures may alter 
their shape or undergo other change on application of a 
stimulus, and this property is termed irritability. The 
active part of change of shape or movement probably in all 
cases consists in contraction, and is hence c^ed contrac- 
tility. 

Irritability and contractility, although they may well be 
included under the terms sensory function and movement, 
are not, like sensation and voluntaiy movement, confined to 
animals. They are found in the vegetable world also; and 
it may be maintained with probability, that they are proper- 
ties of every living part of every Hving being. 

6. The expression living parts of living beings, has been 
already twice used, and will attract the student's attention 
to the fact that every part of the texture of the body does 
not equally exhibit the phenomena of life. In a large 
majority of the difierent textures, a considerable or even the 
greater part of the bulk is composed of mere deposited 
matter, which, although it undergoes both structural and 
chemical changes, offers no sufficient evidence of the posses- 
sion of properties peculiar to living beings; but, imbedded in 
this, or in other instances forming the principal mass of the 
texture, there is always to be found a set of elements which 
exhibit some or all of the four functions — nutrition, repro- 
duction, contractility, and irritability. 

These living elements of texture always consist of material 
belonging to one chemical group of substances ; namely, those 
which are termed sometimes the proteids, but which may 
probably be more conveniently distinguished as the albumi- 
noids, albumen and fibrin being among the most familiar 
examples of them. The substances of this group are the 
most complex combinations of carbon, hydrogen, oxygen, 
and nitrogen; and, as they are found in nature, contain 
also phosphorus, sidphur, potash, and soda. 

Very frequently the expression protoplasm is used to in- 
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dicate^ without mnch definition^ the varieties of albuminoid 
substance found in the growing stages of the living elements 
of texture, and in the lowest forms of life. 

The generalization has been long known, and may be 
safely made, that the phenomena of life are never exhibited 
without the presence of albuminoid substance. 

The simplest form of living element in both nnimfl.! and 
vegetable texture, or at least one of the simplest forms, and 
the most important, is the nucleated corpuscle, which is 
remarkable not only for the remarkable part which it plays, 
but for iji^ resemblance to some of the simplest kinds of 
animals, l^e genus Amoeba. 





Pig. 2. — Species of Amoeba. After Pritchard. 

7. Amoeba is the name of a family of animals which are 
microscopically minute, and inhabit both salt and fresh water. 
They consist of a mass of protoplasm unlimited by any 
envelope, containing granules, and usuaUy a clear, rounded, 
firmer body, the nucletis, with a still denser speck in its 
interior, the nucleolus. This mass of protoplasm moves 
about by throwing out temporary pfocesses in different direc- 
tions, and changing its form by virtue of its contractility. 
In fact, the powers of assimilation, reproduction, irritability, 
and contractility, appear all to be present in' one common 
mass. There are other families in which such a mass as 
constitutes the amoeba is surrounded by a membranous cover- 
ing or a hard shell. ' 

8. The Nucleated Corpuscles found in the textures of the 
higher animals present many varieties of appearance, but ia 
their young and active condition they have this much resem- 
blance to amoeba, that they present a mass of protoplasm with 
one or more nuclei, which may contain nucleolL Some are 
surrounded with a membranous envelope, others have none, 
and with r^ard to a great number of them it is extremely 
difficult to say whether they have a membrane round them 

14 B 



18 



ANIMAL PHTSIOLOGT. 



or not. The membrane, when present, is called a ceU-waU^ 
and the structure of which it is the limit is a niuileated ceU; 
and in consequence of the circumstance that the mass of pro- 
toplasm was the last part of the corpuscle to have due atten- 
tion attracted to it, and that the outline of the corpuscle was 
often mistaken for a membrane, even when no membrane 
existed, the importance of the cell-wall was formerly over- 
estimated, and the word cell is even yet often used to indicate 
structures without a cell-wall, which are better designated as 
corpuscles. The cell-wall is probably in all instances a deposit 
round a pre-existing corpuscle. 

At an early period of embryonic existence, the body may 
be said to consist entirely of nucleated corpuscles; and even 
after birth, the younger the animal the more abundant are 
these elements in the textures, and the more easily exhibited 
under the microscope. They are found in numbers wherever 
there is much growth; and in rapidly increasing tumours 
they exist in greatest plenty. They are also the germs from 
which the more complex elements of texture take origin. 
Thus nerves and voluntary muscular fibres originate by 
metamorphosis of nucleated corpuscles, which, in becoming 
more highly developed, lose the reproductive power, while 
they gain, in the one case, nervous activity, and in the other 
greatly increased contractility. Both of these tissues in early 
development present long bands of albuminoid substance, 
with a row of nuclei in eacL 
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Fig. 3.— Multiplication op Nucleated Corpuscles. A, Corpuscles 
from connective tissue of a foetal lamb, some of them dividing. B, 
Endogenous multiplication within a brood cell from a tumour. 

Nucleated corpuscles multiply by division, which is termed 
JtssifHvravs when the parts into which they divide ftre gf 
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similar magnitude, gemmipa/rous when bnds are separated 
from a parent mass, as occurs frequently in vegetables. When 
a corpuscle divides within a cell-wall, which remains imrup- 
tured, the process of midtiplication is called endogenous. The 
nucleus seems to play an important part in the midtiplica- 
tion of corpuscles, being, at least in many instances, the first 
part to divide. 

At present the weight of evidence appears to be in favour 
of every corpuscle being derived from a parent. Certain 
physiologists hold a contrary opinion; but there is no well 
determined instance of these structures originating otherwise 
within the body. 

The varieties of nucleated corpuscles found in different 
situations will come under notice in the description of the 
individual textures. 



CHAPTER TL 
THE CONNECTIVE TISSUES. 

9. The most widely distributed texture in the body is that 
^v^hich is termed connective tissue. It is the substance which 
connects the integument everywhere with the deeper struc- 
tures, and it makes partitions between these structures and 
between the elements of which they are composed. Thus 
every muscle has a filmy sheath, which, when separated, is 
seen to consist of a felted white substance, sending in pro- 
cesses into the muscle, dividing its substance into bundles, 
and these into still smaller bundles by finer investments. 
The same substance separates the bundles of every nerve, 
and surrounds the blood-vessels; it is found in great quan- 
tity among fet and beneath the integument, and it forma in 
fact a continuous web in which all the structures throughout 
the body are imbedded. 

This tissue, looked at with the microscope, exhibits two 
elements : first, a matrix, which, in those places where it is 
most closely mixed up with other textures, is often homo- 
geneous or nearly so, but which, in the denser specimens 
obtained from distinct masses, assumes the appearance of 
extremely fine fibres of indefinite length, disposed in irre- 
gular felted fashion, leaving spaces, from which the tissue 
gets, the name areola/r ; secondly, nucleated corpuscles, 
called in this instance connective-tissue-corpuscles. 

A drop of dilute acetic acid added to the specimen imder 
the microscope, causes the fibres of the matrix to swell up and 
become indistinct, bringing the nuclei of the corpuscles clearly 
into view, and also a variable admixture of isolated fibres 
on which the acid has no effect. The fibres on which acetic 
acid has no action are called dastic fibres, and will be further 
referred to; those which are swollen up by the acid are called 
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white fibres, and conatitute the bulk of all white fibroiia 
tissue. White fibres become completely dissolved by pro- 
longed boiling, being converted into gelatin, a nitrogenous 




Fig. 4. — CoiTNECTrvB TissnB mtoH the Obbit of tub Ox, exhibit- 
ing corpuscles of various ahapea, felted white fibres, and a few 
slightly curled elastic fibres. - 
substance of simpler chemical constitution than the album.i- 
noids, and cliaracterized by dissolying in hot water and form- 
ing a jelly on cooling. Albuminoid testures, on the contrary, 
are coagulated by boihng ; and thus it is that when meat is 
boiled, the flesh or muscular fibre is hardeued, while the con- 
nective tissue between, the muscular fibres is softened and 
ultimately dissolved. This cannot be illustrated better than 
by comparing a raw fiah with one which has been cooked. 
ik the raw fish the semi-transparent and comparatively soft 
segments of muscle are united by firm septa, tough and 
strong; in the cooked state they are opaque and hard, but 
fall separate, because the septa dissolve into gelatin. 

The comneclioe-tistue-eorpitBcles, being of albuminoid sub- 
stance, resist boiling, and their examination is sometimes 
facilitated by that means. They often present a stellate 
appearance, sending out branches or processes in different 



22 ANIMAL PHYSIOLOGY. 

directions. In the web of the frog's foot, and in other trans- 
parent textures capable of being examined microscopically 
in living animals, they have been seen not only changing 
their shape but even moving about, so that they may well 
be termed amcehoid. In the fine interstices between other 
tissues, nuclei are often seen in great abundance in homo- 
geneous matrix, without any apparent protoplasm about 
them. 

It may be here mentioned, that to bring delicate textural 
elements such as connective-tissue-corpuscles into view under 
the microscope, many niceties of method are resorted to, and 
among these there are some points which deserve special 
attention. The material should be perfectly fresh, and not 
allowed to come in contact with water, as water swells up 
and destroys delicate corpuscles. Spirit, on the other hand, 
shrivels textures. By using serum and various weak solu- 
tions, these deleterious effects are avoided. Principal among 
preservative substances, weak solutions of chromic acid and 
bichromate of potash may be mentioned, to which spirit may 
be daily added in small quantities. Water added to specimens 
previously treated with chromic acid no longer destroys the 
corpuscles. In examining nucleated corpuscles, staining with 
an ammoniacal solution of carmine is often of the greatest 
service : the specimen should be washed after being stained, 
and should then be put up for the microscope in glycerine. 
Very often the beauty of the specimen is greatly increased 
by addition, after glycerine, of a little nitric acid. This 
must, however, be carefully washed away again, before it has 
had time to destroy the carmine staining. 

10. White Fibrous Tissue. — The term connective tissue 
is a very general one, and the varieties to which we have 
already referred are the homogeneous and areolar; but there 
are others which are more markedly fibrous, and constitute 
the group of white fibrous tissues, namely, fascia, aponeurosis, 
tendon, and ligament. 

Fascia is the name given to strong, felted arrangements of 
white fibrous tissue spread out in sheets. An aponeurosis 
is a sheet of white fibrous tissue arranged in parallel fasciculi, 
or in two or more sets of decussating fasciculi, and having in 
consequence a shining appearance. Tevdon is white fibrous 
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tissue tised for ^e attacliment of muBcIes, and may either be 
arranged in the form of aponeurosis or in solid bands ; it has 
a satin-like lustre of con- 
siderable brilliancy. When 
tendons rupture during life, 
they snap straight across. 
Liga/ment is white fibrous 
tissue used for binding 
bones together; it ia not 
so lustrous as tendon ; and 
■when it gives way, which 
is very seldom, it does not 
snap but tears. In all these 
fasciculated forms of con- 
nective tissue, the cor- 
puscles are elongated, and 
lie in the direction of the Fig. 5. — Apombctkosis, human, 
fibres. In tendon they are flattened, and have been seen 
in specimens from young animals to lie in sheets between 
bundles of the fibrous substance. Tendon and ligament are 
quite inextensiblo, and all white fibrous tissue, even when by 
injury to its texture it is gradually stretched, is destitute of 
resiliency. 

11. Elastic TisBSe occurs both in the form of fibres and 
thin homogeneous membranes. It gets its name from being 
highly extensible and resilient, and is most widely distributed 
in the fibrous form. In the human subject there is only one 
set of ligaments which consist of nearly pure elastic tissue, 
namely, the ligamenta subflava, which join together the 
arches of the vertebrae, and get their name from the yellow 
colour peculiar to elastic fibres. They facOitate, by their 
resiliency, the resumption of the erect posture when the back 
has been bent forward. In quadrupeds two other notable 
instances of piu:e elastic tissue may be mentioned. One ia 
the ligamentum nuchie, a strong band extending from the 
back of the skull, and attaching it to the withers or dorsal 
spines; the other is in the form of an aponeurosis, which 
lies on the abdominal wall, and aida the support of the 
viscera. On examining fibres from any of these sources, it is 
seen that they may be of considerable breadth, that loosened 
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from their attachments and teased out the^ carl np at iha 
ends that they refract light very atrongly, and that they are 
unalt^ed hy acetic acid. Elastic tiaeuo is not easily altered 




F g 6 — Elastic Tissdb. A From ligamenttuu uachce of sheep. 
B From pleural surface of lung. 
by even prolonged boilmg and yields no gelatin. In many 
places as for example underneath the pleura, isolated elastic 
tbres are exceedingly abundant, of great length, curling 
naturally, and crossmg one another in all directions. 




12. Adipose Tissue is the term technically used for the 
fat of the body, because fat in its proper acceptation means a 
solid oil, such as tallow. Adipose tissue consists of a number 
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of minute vesicles, varying in diameter up to ^^ of an inch, 
filled with oil, and imbedded in groups in connective tissue. 
Sometimes a nucleus can be detected at the side of the vesicle. 
The mode of development appears to be that one or more 
minute globules of oil occur at first in the interior of a con- 
nective-tissue-corpuscle, and that the oil goes on accumulating, 
pushing before it the substance of the corpuscle, which sub- 
sequently is so altered in appearance and consistence, as to 
form the wall of the vesicle or adipose cell. Adipose tissue, 
and the connective tissues ©renerally, are but scantily sup- 
plied with blood-vessels 
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Fig. 8.— Tkb Skeleton, 



CHAPTER IIL 
THE SKELETON. 

13. By the skeleton is meant the hard framework of the 
body. It consists of bones, cartilages, and ligaments. 

What is called the backbone, or, more properly, the verie- 
hral or spinal column, may be said to be the central part of 
the skeleton. It is composed of a series of bones called 
vertebrce, the fore parts or bodies of which, united by means 
of discs of flexible tissue, constitute a pillar of support, while 
what are termed the arches, lying behind this pillar, form a 
protective cylinder round the spinal cord, have spinous and 
transverse processes projecting from them, and glide one on 
another by joints. There are twenty-four of these movable 
vertebrae, the seven highest of which, belonging to the neck, 
are called cervical, while the following twelve carry ribs and 
are called dorsal, and the remaining five are termed lumbar. 
They are succeeded by the sacrum and coccyx, which form 
the lower part of the vertebral column, and will be further 
alluded to. - 

Springing from the dorsal portion of the vertebral column 
are twelve pairs of ribs, which are further prolonged in front 
by means of costal cartilages. The costal cartdlages of the 
upper seven pairs of ribs are prolonged forwards to the breast- 
bone or sternum, to be fitted into its sides; those of the suc- 
ceeding five pairs are each fixed to the cartilage next above; 
while those of the eleventh and twelfth ribs are pointed, and 
terminate in the muscular wall of the abdomen. The circles 
formed by the ribs and parts with which they are connected 
are called costaZ arches, while the series of ribs and costal 
cartilages, together with the dorsal vertebra and sternum, 
constitute the thorax of the skeleton. 

14. Articulating with the upper end of the sternum, in the 
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mbjecfc, are the collar bones or clomcUs^ wMct unite 
Iders with the skeleton of the trunk. The clavicle 
has no exustenoe in many mammals, such 
as the horse, the ox, and the sheep; 
while in others it is rudimentary- and 
without function, as in the cat and the 
dog; and in all such instances the shoulder 
and fore limb ai'e united to the rest of the 
skeleton by mere muscular connections; 
but in the animals in which it exists — ^foi 
example, squirrels and monkeys — it is the 
fulcrum on which the arm moves when 
stretched out from the body or approached 
to the middle line. The outer end of the 
clavicle articulates with the scapula or 
shoulder-blade, and the two bones together 
form the shoulder-girdle, ^ 

The joints at the outer and inner ends 
of the clavicles permit the shoulder-blades 
to be moved upwards, downwards, for- 
wards, or backwards at will, while they 
continue to glide on the conical walls of 
the upper part of the chest. The part 
of the shoulder-blade with which the 
clavicle articulates is called the (zcromion, 
and is the expanded extremity of a spine 
which arises from the back of that bone, 
and is directed outwards and upwards. 
At a little distance from its outer end, 
the clavicle is likewise united by strong 
ligaments to another process of the 
shoulder-blade called the coracoid, against 
which it rests when the shoulders are 
pushed upwards. 

The humerus or arm bone articulates 

by a rounded head with a surface of the 

scapula called the glenoid fossa, distinct 

-Vertebral from both acromion and coracoid pro- 

►LUMN. ^ cesses, and this articulation is the shoulder 

[t permits greater freedom of motion than any other 
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joint in the body, owing to the smallness of the acapolar snr- 
face, compared vitJi the globular humeral BOtfiice, on which 




Fig. 10. — SaoDLDBR. a, clavicle; 6, acrotmim; e, concoid procest; 

d, glenoid fossa of the Bcapols ; e, hamerna. '^~ 
it moves, and the looseness of the liga- 
mentous capeale which unites the two 
bones; but the coracoid and acromial 
processes overhang the joint sufficiently 
to add greatly to its strength; for it 
is against Uiem that the humerus is in 
great measure pushed in all positions in 
which great pressure is made against it. 
In tJ^e forearm there are two bones 
named radius and ulna. The ulna, the 
inner of the two, is strong above and 
slender below, and admits of no move- 
ment save in a hinge fashion on the 
humerus, with which it articulates by 
means of a cavity which looks forwards, 
and is bounded below by the eorottoid 
proeeit, above by the oUa-anon or pro- 
minence of the elbow. The radius, yiy. 1T. 
Fig. 11.— Padifs AMD Ulha. a, olecranon process of nlnaj 6, 
coronoid process; ^, orbicolAr ligament, embraciag the heat} 
at the radio* ; d, tnangnlar ligament, uniting the radio* to . 
the styloid process of the nln*. 
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wbioli la much slenderer above than at ItB lower end, and 
supports the hand, is boimd to the ulna at ita upper end 
by an orbicular ligament, which permits it to rotate with- 
in ita grasp, and is faatened to it below in such a way 
that it revolves round that bone aa on a pivot, carry- 
ing -with it the hand, and acoompUshing pronation and 
supination., or the turning of the palm downwards and 
upwards. 

f The hand comdsts of eight 

little carped bones arranged 
in two rows, five metacoirpal 
bones, which form the skeleton 
of the palm, and ihephalan^es 
or finger bones, of which the 
thumb has two, and the other 
digits three each. 

The bones of the upper row 
of the carpus are named — 
beginning at the outer or 
thumb side — the scaphoid, 
semUv/nar, and cunei/orm 
bones, and the pisiform, 
smaller than these, and arti' 
culated in front of the cunei- 
form. The bones of the second 
row are called Irapesduvi, tra- 
pezoid, OS magnum, and u?wt- 
form, the unciform supporting 
F THB the metacarpal bones of the 
ring and little fingers, and 
the others supporting one 
netacarpal bone each. 

The movements of the wrist 
ire accomplished partly by 
movement of the upper row of carpal bones on the radius, 
and pai-tly by one row of carpal bones moving on the other. 
There is little perceptible movement allowed between the 
caq>al bones of the second row; but it is not without import- 
ance that they are separate bones; for when we lean or push 
with the palm, and the wrist is over-est*nded, the members 




Fig. 12. — raoNT ViBw 

BOKES OF TH« HaKD. 

trapezium ; 6, eoaphoid, sndl 
beneath it, the trapezoid; c 
semilunar, and, beneath it, w 
magnoni; d, piBiform; e, ounei 
form; /, nnciform. 



THE HAND. 31 

of this range, as well as the metacarpal bones, present the 
concavity of an arch towards the object pressed on, and have 
the ligaments which support them in that position thrown 
into a state of tension, which, being recovered from as soon 
as the pressure is removed, gives elasticity to the movements 
of the limb. The utility of the hand depends in great 
measure on the opposability of the thumb to tiie other digits, 
and this results from freedom of movement between the 
trapezium and first metacarpal bone^ and from the number 
of muscles attached to the thumb. - 

15. The fifth or lowest lumbar vertebra rests on the broad 
upper end of a curved wedge, the sacrum, which consists of 
five other vertebrae fused together in one bone; and at the 
lower and narrow end of this bone are four more of a rudi- 
mentary description, corresponding with the caudal vertebrae 
or bones of the tail in other animals, but usually named by 
the human anatomist, collectively, the coccyx, — - 

On its sides, in the upper two-thirds of its extent, the 
sacrum is closely united to the two pdvic or innominate 
bones, which, together with it, enclose a basin or cavity, 
called the pelvis. Examined in early life, each innominate 
bone is seen to consist of three parts, which meet at the 
articular cup, called the acetabulu/m, for the head of the 
thigh bone. The expanded upper part is called the iUum, 
the lower part is called the ischium, while the part which 
meets with the opposite bone in the middle line is the os 
pubis, and the union is called the symphysis pvbis. The 
expanded ilinm obviously corresponds with the shoulder- 
blade in the upper limb, and the pair of innominate 
bones with the Moulder-girdle, notwithstanding that the 
shoulder-girdle is but little connected with the trunk, while 
the innominate bones take an important part in bounding 
the visceral cavity. 

From the upper end of the sacrum a prominent ring of 
the innominate bone can be followed round to the symphysis 
pubis, constituting the brim of the true pelvis as distin- 
guished from the part of the abdomen between the blades oi 
the iliac bones. In the erect posture of the body this ring 
lies at an angle of 60® with the horizontal, so that the 
Bacrum presses downwards on it. But the sacrum is so 
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placed that its upper end is ttrown in front of the rest of it, 
and that its hinder surface, which is narrower than the 
anterior, looks upwards; it would, therefore, fall down into 
the pelvis were it not supported by a pair of exceedingly 
strong posterior aacro-iliaa Uga/meat» ; and it is through 
these ligaments much more than by direct pressure that 
the weight of the body is conducted from the sacrum to 
the pelvis. 




Fig. 13.— Sbotioh 01 Pelvis, showing the iuspension of tha Bscmm 
between the baonch bones, a, the posterior lacro iliao ligaments. 

16. The thigh-bone or femur corresponds with the humerus 
of the upper limb ; in front of the knee is the patella or knee- 
cap, which is a sesamoid bone or ossification within a tendon, 
and not at all correspondent with the olecranon of the elbow : 
in the leg the tibia and fihda are the bones corresponding 
with the radius and ulna in the fore-arm j and in the foot 
there is a close correspondence of all the bones with those of 
the hand. 

The parts of the foot are called the ta/rvits, melata/rsiis, and 
phalanges. The phalanges and metatarsal bones are arranged 
quite like those of the hand, the great toe being similar to the 
thumb in having only two phalanges. The bones behind the 
metatarsals are the internal, muMk, and external cujieiform 
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bonea, sapportuig the thice inner inetatanalfl, and the euhotd, 
supporting the fourth and fifth. 
These fonr bones obviously corre- 
spond vith lite foor carpal bones of 
tiie lower range in the hand: bat 
behind them are three others, the 
scapioid, lying behind the tiiree 
cuneiform bones; 'Uie ealameum, a 
veiy large bone projecting back from 
the cuboid, and forming the heel ; 
and the astragahu, resting on the 
calcaneum behind, pressing against 
ihs scaphoid in firont, and articnlat- 
ing with the leg-bones above ; and 
the dissimilarity of appearance of 
the tarsus as compared with the car- 
pus, is due to the lai^ and unequal 
development of these three bones. 
The scaphoid, however, corresponds 
with the bone of the same name in 



represents the cnneiform and the 
pisiform tc^ether; and it is owing 
to the great development backwards 
of the calcanenm to form the heel, 
that the hollow by which tendons 
and other stmcturea pass from the 
back of the I^ to the sole of the 
foot is tnmed inwards so as to 
lie between the heel and inner 

The same principle of conduction 
of pressure through tense ligaments, 
which we have noted in t^ hand and 
the pelvis, is resorted to again in He foot Tte foot may he 
conveniently t^arded as txmsisting of two arches supported 
behind by a common pier, tie back part of the calcaneum. 
To the iimer and principal arch belong the three inner toes, 
and the keystOTie of this is the astragalwi, the fore part or 
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e, cDboid. ^Die middle 
uid external etmeifonn 
■re •££■! between the 
caboiil ind intenul 
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head of wluch, lying between the calcaneum and scaphoid, 
is retained in position by a strong inferior calcaneo-scaphoid 
ligament, which has frequently to bear nearly the whole 
weight of the body. The outer arch is continued forwards 
from the calcaneum to the cuboid and two outer toes, and is 
prevented from falling flat by strong calcaneo-cuboid or 
plantar ligaments. 




Fig, 15. — Section" op Foot, showing, a, the inferior calcaneo- 
scaphoid ligament supporting the head of the astralagus. 

17. The first and second cervical vertebrae are termed the 
atlas and axis, and are specially modified to facilitate move- 
ments of the head, which rests on them. The atlas, instead 
of presenting a body in front and an arch behind^ has the 





A B 

Fig. 16. — ^Atlas and Axis. A, Upper surface of atlas; above is 
the ring for the spinal cord, and, separated from it by the trans- 
verse ligament, is the ring for the odontoid process below ; to 
the sides of this are the surfaces which articulate with the skull. 
B, Front view of the axis, with the arch seen in perspective 
behind the odontoid process. 

hollow of its arch prolonged forwards, between the articular 
portions which carry the skull ; and in the recent state, the 
anterior part of this hollow is converted into a separate ring 
by a transverse ligament. Through this anterior ring pro- 
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jects a process which snnnoiints the body of ihe axis, namely, 
the odontoid process, and round this the atlas, carrying with 
it the skull, revolves as on a pivot. The motion, however, 
is limited by two lateral bands, the check ligaments, which 
pass out from the top of the odontoid process to be attached 
to the sides of the foramen magnani, the opening in the 
skull by which the cranial cavity is made ccmtinuous with 
that of the spinal column. By the study of development and 
the anatomy of different animals, it is well ascertained that 
the odontoid process is really the body of the atlas, which 
has become fastened to the top of the body of the axis, and 
remained separated by a joint from the other parts of the 
bone to which it in one sense belongs. 

18. The skull consists of cranium and l&ce. The cranium^ 
or part enclosing the brain, is counted as having eight bones. 
But it is right that even a tyro should understand that 
various of these bones consist of different elements which 
have become fused together at an early age, while some of 
what are considered as distinct bones are also fused together 
in every adult. The word " bone" is, therefore, used some- 
what arbitrarily in speaking of the bones of the skulL The 
oceipUal bone forms part both of the base and the roof^ and 
is pierced by the foramen magnum. The other bones of the 
roof are the two parietcUs and ihe/rontal, which in the child 
is divided down the middle like tiie parietals. The frontal 
not only forms a large part of the vault of the skull, but abo 
the roofs of the orbits or sockets of the eyeballs. In the 
base of the skull, a complex bone, the spJierwid, formed by 
the junction of many elements, and primarily divisible into 
an anterior and posterior part which are distinct in mo^t 
animals, extends forwards from the occipital, with which it 
is thoroughly united in the adult, and reaches the orbital 
plates of the frontal ; while the interval between the orbits 
is filled in by the upper part of a delicate and likewise com- 
plex bone, the ethmoid, which is pierced with foramina for 
the filaments of the nerves of smell, and takes much greater 
part in the formation of the cavity of the nose than in com- 
pleting the cranial walls. 

Lastly, on the sides of the skull, and projecting into its 
base between the sphenoid and occipital, are the temporal 
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1ii>noM, which contain the organs of hearing in their interior. 
'J'ho part of the temporal which lies above the aetenuU audit- 
or;/ Tneatus, or opening of the ear, ia termed the aqtuuntnu 
poiiion; the thick process behind ia called maitoid; the 
pyramidnl projection into the base is the pefr&ut portion; 
[Hid a plate which forma the inferior limit of the o3)ening of 
llie oar, and of the cavity into which it leads, is the t}/i^>anic 
pUtU. Enclosed by this plate, within what is called the 
tympanic cavity, are three little ossicles, which will be de- 
scribed with the organ of hearing. 




g. 17- — Skull. A, Profile view. B, Vertical section, o, 
occipitnl hoao; b, jiAiietol; c, frontal; d, squamoiu portion of 
totnporoli r, maatoiil portion; /, petroua portion; g, sphenoid ; 
(. ..t„-.,««i.i ^w,^n.= nf onhenoid; i, ethmoid; *, uaaal; I, 



irtBrygoid proi 
uoriur maxillnrj 



, inferior maxillary; 



19. Of tho/ace bone3, the largest is the inferior Tnaadlla, or 
lower jaw, and this is the only one which is movably artic- 
ulated. The remaining part of the face consists mainly of 
tlio walls of ft passage, the interior of which is divided into 
the right and left nasal fossie by a mesial bone called the 
vomer, together with a mesial plate of the ethmoid. The 
lloor of this passage constitntes the palate. Much the larger 
])ait of this division of the face in the human subject is 
fonned by the superior tnaseillary bones, which carry alt 
the upper teeth, and represent two pairs of bones in the 
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skulls of other mammals, namely, the superior maxillaries 
and the pre-maxillaries. Behind the superior maxillaries 
are the palatals, which form the back part of the palate, and, 
by means of ascending portions, join together the superior 
maxillaries and what are called the pterygoid processes 
of the sphenoid bone, two processes project^g do^wards 
from the base of the skull. It may also be mentioned that 
the inner parts of these processes, namely, the internal ptery- 
goid plates, are separate bones in most animals. The superior 
maxillaries send up a pair of processes to the frontal bone, 
behind the two TvasalSf the bones forming the ridge of the 
nose ; but they get a much stronger support from a pair of 
cheek bones, the jugals or malar s, which project outwards 
from them, and each of which sends one process up to the 
frontal to complete the outer wall of the orbit, and another 
backwards to form an arch with what is called the zygomatic 
process of the temporal. The other bones of the face are 
two little plates called lachrymals, grooved for the nasal 
ducts, the passages by which the tears are carried from the 
eyes into the nose ; and the inferior turbinated bones, a pair 
of thin curved laminse which project into the nasal fossae. 

20. Peculiarities of the Human Skeleton. — The most 
remarkable peculiarities of the skeleton of man, as compared 
with other animals, are connected with the maintenance of 
the erect posture. — ^ v- 

The foot has a broad sole, and is arched both from behind 
forwards, and also from side to side, so as to give elasticity 
to the step. . . - .- 

The straight position of the knee is characteristically 
human, no other animal but man being supported on ex 
tended knee joints; for though birds are also bipeds, they 
have the knees flexed in standing. The human knee joint 
is so constructed that, when fully extended, it remains in 
that position without muscular exertion, so long as the 
weight of the body presses down on it. And this can easily 
be demonstrated; for the patella is situated in the tendon of 
the extensor muscle of the knee, and when it is loose, that 
muscle is evidently relaxed : now, when one stands with the 
knees straight, the patella can be felt with the hand to be 
lianging perfectly slack; but as soon as the foot is lifted 
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from the ground it becomes tightened, because then it is 
only by muscular effort that the knee is kept straight. 

The femur in man is longer than in other animals; and by 
the length of this bone, when we stoop with bent knees and 
resting on the balls of the toes, the pelvis is thrown suffi- 
oiently backwards to balance the bending of the body 
forwards (fig. 27). If the thigh bones were short, it would 
be difficult to pick an object off the ground. 

The pelvis also is short, expanded, and strong : the pillars of 
bone which convey the weight from the sacrum to the thigh- 
bones are stouter than the corresponding parts which have 
no such function in other animals; and the expanded blades 
of the iliac bones both give surface for the attachment of 
the large glutei muscles by which the trunk is extended on 
the top of the thigh-bones, and also help to support the 
viscera above them. ' 

The bodies of the vertebrae increase rapidly in size from 
the cervical to the last lumbar, so as to bear the accumidated 
weight which they support; and the transverse processes of 
the thoracic and lumbar regions are thrown remarkably back 
on the arch, so as to bring the bodies as much as possible 
forward into the visceral cavity; a circumstance which will 
at once strike any one who compares even in a cursory 
fashion the lumbar vertebrae of a rabbit, sheep, or ox, with 
those of the human subject. In the thoracic region, the 
ribs, with the exception of the two last pairs, being attached 
by distinct articulations to the sides of the bodies of the 
vertebrae and to the transverse processes as well, have a 
direction backwards as well as outwards given to them, by 
which, before arching forwards, they include in their circuit 
two great fossae at the sides of the column, which contain a 
large part of the lungs. *" '^ '*^- « - ^-c^^-'-i^^ '^;^:*^. —^^^r-?^ 

Even the peculiarities of the human skull are closely con- 
nected with the adaptation to the erect posture. It has 
already been pointed out that in quadrupeds the head is 
suspended by a strong elastic ligamentum nuchae; and it is, 
in addition, supported by muscular action; but, in man, the 
head is balanced on the top of the atlas when he si^ds 
erect. This is an arrangement altogether peculiar to man, 
and is accomplished; in the first place, by the bones of the 
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face being comparatively light, and, eecondly, by changes in 
the form of the craaium, connected with the Ibj^ size of the 
braio. These changes consist mainly in the hose of the 
skull in fi:ont of the foramen magnum being shortened and 
curved downwards, and in the roof being greatly elongated 
and arched, so that the part of the occipital bone behind 
the foramen magnnm, which in a qnadruped looks back- 
wards, is turned downwards, and a lai'ge part of the brain is 
thus made to lie further back than the condyles by which 
the occipital bone articulates with the atlas. 




^g. 18. — LioAMmTtni Nucns of thc Eobsk 
The elongatiim of the face downwards may be mentioned 
as a human peculiarity, as well aa the want of projection 
forwards. This elongation is partly in connection with the 
development of spaces, in which the voice reverberates and 
acquires resonance, but cannot be altogether accounted 
for by that consideration. !Rather, it is a physiognomical 
peculiarity of man, like the presence of a chin, well developed 
in the higher varietiea of the race, but not in Bubaerrienca 
to any special fiinction. 

In the skeleton of the upper limb there is no mechanism 
altogether peculiar to man ; the completely developed 
clavicle, freely moving shoulder joint, pronation and supin- 
ation of the forearm, opposability of the thumb, and com- 
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plete power of handling and fingering, are all found among 
the lower animals. 

21. Skeletal Textures. — ^The textures found in the skeleton 
are bone, cartilage, and the fibrous tissues. The fibrous 
tissues have been already considered. Bone, which is the 
prevalent texture in the adult skeleton, makes its first ap- 
pearance always either in cartilage or fibrous tissue, more 
frequently in cartilage ; therefore, it is convenient to explain 
the nature of cartilage first. 

Cartilage, in its most frequent form distinguished as true or 
hyaline caxtilage, is a firm texture capable of a marked amount 
of flexion, but breaking with a smooth fracture when it is sought 
to bend it further than its flexibility will allow. It presents, 
under the microscope, a clear or slightly granular matrix^ 
with nucleated corpuscles imbedded in it, of variable size, and 
lodged, singly or in groups, in hollows, which are either of a 
rounded form, or with flattened sides and rounded angles, 
and are never branched. The limits of these hollows are 
denser than the surrounding matrix, and are termed capsules 
of the corpuscles. Cartilage is completely devoid of blood- 
vessels, for though occasional vessels occur in large masses, 
as, for example, in the costal cartilages, they are always lodged 
in canals along with a small amount of connective tissue. 
But the matrix is freely permeated by nourishment from the 
vessels round about; for cartilage is capable of rapid growth, 
and its growth is marked by changes throughout its substance. 
In growing cartilage, the corpuscles are seen in groups in 
every stage of multiplication. One will be foimd with two 
or more nuclei; another partially divided into two or more 
parts, with septa springing up between them; while, in 
other instances, the septa are completed, and exhibit various 
thicknesses of matrix between them, towards which the 
divided corpuscles still present flattened sides. The matrix 
of cartilage is converted by prolonged boiling, not into gela- 
tin, but into chondrin, a closely allied substance, which, like 
gelatin, dissolves in hot water, and forms a jelly on cooling ; 
but which differs slightly in composition, and has some 
distinctive chemical reactions. This is the more remarkable, 
as bone yields by boiling, not chondrin, but gelatin. 

The coating of cartilage on surfaces of bone which glide 
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one on another, ia termed artictila/r cartilage, and has the 
peculiarity that, towards tbe surface, the corpuscles are in 
groups flattened parallel to the sur&ce, whjle in the d 
parts they are in vertical groups. 




Kg. 21. — EincuLiB Cabtil- 

AOE, from the Epiglottis. 

A. peculiar variety of cartilage, called yellow or reticular, 
vhich occurs in the epiglottis and a few o&er places, depends 
on the matrix heing pervaded with a densely felted substance 
similar to elastic fibrous tissue, but mors brittle. 
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Plates of matted fieusciculi of fibrous tissue, with elements 
of cartilage sometimes interspersed, occur in various positions, 
but particular!/ as movable discs between the articular sur- 
faces of certain joints, such as the knee, and combine the 
elastic resistance of cartilage with toughness which endures 
the action of rubbing, and are named Jibro-cartilages. 

22. Bone is a more complex tissue than cartilage; its 
complexity depending on the impermeability of its matrix to 
fluids, and the consequent necessity of canals for nutrition. 
The matrix consists two-thirds of mineral matter, principally 
phosphate of lime with some carbonate of lime, and the 
remaining third of animal matter; the two being so intimately 
blended that they form a homogeneous mass, translucent in 
thin sections. When the animal matter is removed by cal- 
cination the form of the bone still remains ; and when the 
mineral matter has been gradually dissolved by dilute hydro- 
chloric acid, the animal matter retains the same bulk and 
microscopic structure as before, presenting the consist- 
ence and flexibility of cartilage, but yielding gelatin by 
boiling. 

The only microscopic structures common to all bone are the 
hone-corpuscles, which are nucleated corpuscles characterized 
by a multitude of fine processes, and are imbedded in hollows 
of corresponding shape and size, called lacunoe; while their 
processes occupy exceedingly fine canaliculi, which radiate 
from the lacunae, those of one lacuna inosculating with those 
of others, so that fluids may be conveyed from one lacuna to 
another. 

Bony tissue is found, however, in two different forms, the 
cancellated and the compact. Cancellated or spongy tissue, 
such as one finds in the bodies of the vertebrae, tibe tarsal 
bones, and the ends of long bones, consists of minute spicules 
and occasional laminae of bone with the spaces or meshes 
between them filled with fine connective tissue, copiously 
supplied with blood-vessels, and loaded more or less with 
adipose matter. Compact or solid bony tissue, such as is 
foimd in the shafts of the long bones, is traversed by blood- 
vessels, and presents a remarkable microscopic arrangement 
connected therewith. The passages for the blood-vessels, 
named Haversian ccmcds, after Havers, who first mentioned 
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item, vary from xinnr *° shy ^ *" "'•'^ >n diameter; they 
eater from the surface of IJie bone by multitudeH of minute 
oblique openings visible with the naked eye, and run for the 
most part longitudinally, connected however by numerous 
short canab, which have a more tranflverse direction. The 
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dbuFACT Osasoua Tissue, a 
Haversian canal ; b, Iocdiub il 



tisEnie is arranged in concentric laminffi around the Haversian 
canals, so that circles of lacunte are seen surrounding the 
transverse, sections of the canals, and such an arrangement of 
coaceatric rings is called an Haversian system. The whole 
compact tissue is made up of such systems, the interstices 
being filled with fragments of similar laminte ■which were 
formerly complete, but of which the other portions have 
been absorbed so as to leave gaps or absorption-spaces, sub- 
sequently filled up by new systems developed concentrically 
from the circumference inwards, till they have closely grasped 
ihe blood-vessels in the centre. 

The arteries for the supply of bone subdivide in the 
fibrom membrane by which each bone is surrounded, the 
periosteum, and from this membrane small branches pass all 
over the surface into the openings of the Haversian canals. 
The veins emerge by comparatively few orifices of larger size, 
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which, in long bones, are_foimd near the articular extremitieg. 
The marrow cavities in the shafts of long bones may be 
looked on as of the same description as the cancellations in 
the spongy tissue at the extremities of the same bonea, with 
which they communicate. The marrow is vascular connec- 
tive tissue of a delicate c" 



H" 




'VV'S*^!^^ tion, loaded With adipose cells, h 

■"i' "^ ""I has usually a special artery, the 

^ "■ so called nutnml artery, which 

pierces the bone, and supplies both 

the marrow and the innermost part 

of the obseous tissue 

23 Bone is formed, as has been 
ctated, either from cartilage or 
fibrous tiisue All bones of con- 
, Biderable thickness are originally 
cartilagmous, and their ossification 
begins in the centre of the mass. 
The first step preluninaiy to this 
process of ossification is the multi- 
pLcation of vessels within canals, 
and the absorption before them of 
a certain amount of cartilaginous 
matrix When a section is made 
a through the plane of contact of a 
through the plane of ossifi centre of ossiiQcation and the sur- 
cation at the oppec end of rounding cartdage, the cartiiage- 
the femur of an miant. it> „„_,,, „„i™ „„ °„ nironr™) i^ 
Carfalage, with ooipuaoles corpwscles are seen arranged m 
m vertiojd columns, and rows placod vertically to the 
altered m%tnir between , 6 plane of ossification ; and be- 
grannlar deposit spreading tween these rows there pro- 
m spicules; c true bone. -^^^ y^^^ ^^^ ^^^^ ^p^„^ 

Hpiculea, which consist of granules of calcified matter, dis- 
tinct one from another, and reflecting the light. By a 
further deposition of grannies, the cartilage-corpuscles become 
hid from view and closely surrounded; and in some instances 
mineral deposit takes place also within the capsules. By 
still further deposition of mineral matter, the matrix becomes 
homogeneous and transparent, and within the ossifying border 
spaces are formed by absorption. Within these spaces there 
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is a free growth of corpuscles (termed osteoblastic) and blood- 
vessels. Whether the corpuscles ate derived &om those of 
the cartilage, or from the connective tissue round the vessels, 
is not settled ; but thej become imbedded in a new deposi- 
tion of calcified matrix, which leaves them with freely in- 
tercommunicating brandies, and are thus converted into true 
bone-corpusdes. 

The first deposit of bone is dense and irregular : if the 
spaces formed in this by absorption accumulate, csmrtAlskf^ 
tissue is the result ; but if they become filled with a new 
deposit of bone, this deposit takes place in conoentiic rings, 
gradually closing round the blood-vessels, and compact tissue 
is produced. 

In cancellated, as well as in compact tissue, there is con- 
tinual deposit and reabsorption of bone; but in the compact 
tissue, the osseous substance is in such proportion to the vas- 
cular, as to surround the vessels; while in the cancellated, 
the vascular connective tissue, or red marrow, is in such 
quantity as to surround the osseous spicules. 

When bone is developed firom fibrous tissue, there is no 
granular stage in ossification; but bony tissue is laid down at 
once, as in spaces formed by absorption. 

24. While cartilage is capable of rapid growth, as has been 
already stated, by multiplication of its corpuscles and expan- 
sion of its matrix, bony tissue is capable of very little ex- 
pansion, and increases in bulk by addition to its surfaces, 
where it is in contact with cartilage or fibrous tissue. Thus, 
a ring of silver fsistened round the wing-bone of a young 
pigeon becomes gradually imbedded and covered in by the 
new depositions of bone on the sur&ce, while, by the absorp- 
tion which is at the same time going on internally, it may 
even come to lie in the enlarged cavity of the bone. John 
Hunter found, that if two holes were bored in a bone of a 
young stnimsdj at a measured distance one from the other, 
afterwards when the bone had grown longer, the holes remained 
separated by the same interval as at first. Even apart, how- 
ever, from the circumstance that subsequent observers on 
repeating Hunter^s experiment have obtained a difierent 
result, it must be admitted that osseous tissue has some 
power, although limited, of interstitial expansion, seeing that 
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tiie body of the lower jaw elongates by that means sofficienliiy 

to niake room within it for the permanent 
teeth, and an expansion of the same sort 
takes place in the frontal bone between the 
frontal eminences and the maigins of the 
orbits. But the principal elongation of the 
bones of the limbs is provided for by the 
extremities of the bones being furnished 
with separate epiphyses or supplementaiy 
centres of ossification^ between which and 
the shaft there remains^ as long as the growth 
of the bone continues, a thin plate of carti- 
lage, which is as rapidly growing inteisti- 
tiaJly as it is converted into bone at its 
Buiface. So, also, the bones of the skull 
expand principaUy by additions at their 
edges, and when premature obliteration 
(synostosis) of any suture occurs, it causes 
Fig. 25.— Tibia at *"^* ^^ growth at right angles to the 
18 years of age, suture, compensated for by additional growth 
showing the su- in other directions, producing a variety of 
perior and in- anomalous forms of skulL 

fenorepiphyses. gg^ ^^ j^.^^^ ^^ Articnlations, by 
which the different bones are joined together, may be 
divided primarily into movable and immovable. 

All the bones of the skull, with the exception of the lower 
jaw, are united together by immovable articiilations or avtures^ 
many of them rendered firmer by the dovetailing of compli- 
cated serrations of the articulating edges. Such articulations 
are serviceable for purposes of growth, as has been already 
explained. 

Movahle articulations are divisible into complete or per- 
fect, and incomplete or imperfect. 

Incomplete joints are those in which the opposed sur- 
faces of bone are united by intervening substance of a 
yielding description ; and the most notable example of this 
mode of union is found in the vertebral column. The arches 
of the vertebrae are united by pairs of complete joints, but 
their bodies, the parts through which the weight of the trunk 
is principlly conducted, are joined by intervertebral discs^ 
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consisting exteriorly of rings of oblique fibres, and more 
deeply of puipy tissue, rich ia corpuscles like cartilage- 
corpuscles. These discs are so many elastic pads irlucli are 
useful in. preventing shocks, and while little movement is 
allowed by them between each pair of bonea, the amount 
permitted in the whole column ia very considei-able, 




common ligameat; e, poeteiior common ligament. 
Complete joints are those in which the surfaces of bones 
coated with articular cartilage gliile one against the other, 
while the ligaments which bind them together are placed 
round about. Internal to the ligaments there extends from 
the ciroumference of one articular surface to that of the 
other, a, delic&te synovial membrane, so called because from 
it there exudes sufficient fluid, termed synovia, to moisten 
the surfaces of the shut cavity which it encloses. 

In. the complete joiiits, the movements allowed vaiy greatly 
both in character and degree. In many, as, for example, 
between the individual bones constituting the second range of 
the carpus, and between some of the tarsal bonea, the move- 
meat is extremely slight (arthrodia), and the principal advan- 
tage gained appears to be elastic resistance to pressure, by the 
weight being thrown upon tense ligaments. Others, in which 
the movemento are extensive, may be rudely compared with 
joints made by mechanicians. Itus, the shoulder and the 
hip may be termed ball and socket joints, there being in each 
a rounded surface which moves in all directions against 4 
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cup; the elbow and the ankle famish examples of hinge* 
joints, permitting angular movement in only one path, that 
of flexion and extension; and in the articulation of the first 
and second vertebrae, we have an instance of a pivot-joint, 
the odontoid process of the axis or second vertebra, being the 
pivot round which the atlas or first vertebra revolves. 

26. Hechanics of the Skeleton. — By the contraction of 
muscles passing over joints and attached to bones, the parts 
of the skeleton are thrown into different positions, so that 
we are enabled to support ourselves in different attitudes and 
to move about. 

For the support of the body, it is first of all necessary 
that the centre of gravity be within the basis of support, 
whether that consist of one foot or of both; and to accom- 
plish this the body is instinctively balanced by compensatory 
deviations of its diflerent parts from the vertical position. 
The weight of the body in standing falls on the arch of the 
instep, the piers of which are the heel and the balls of the 
toes. When the feet are together and the knees straight, 
both the tibia and the femur are thrown forwards further at 
their upper ends than their lower, and over-extension of the 
knee is prevented by the construction of that joint ; while 
the weight transmitted from the vertebral column is 
received by the haunch bones at a point further back 
than where these bones articulate by the hip-joints with 
the thigh bones. The leg is prevented from falling for- 
wards over the foot at the ankle joint by the action of the 
muscles of the calf, the solev^s and gastrocnemiits ; and this 
is probably the only instance, in the standing posture, of a 
considerable weight being permanently supported by miuscular 
power. At the hip-joint the weight, being behmd, makes 
tense the ligaments in front; and the muscles passing over 
the b£ick of that joint, while they may be felt to be rigid 
during their activity in recovering the body from stooping, 
are flaccid when the erect position is attained. The vertebral 
column is balanced by being curved in different directions: 
in the loins it is thrown forwards; where it supports the 
chest it is curved well backwards; it turns forwards again in 
the upper part of the chest and at the root of the neck; and 
on the top of the colimm the head maintains its position by 
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balance. Thus it will be observed tbafc in preserving the 
erect posture, the muscles principally act in steadying the 
body, but have little of its weight thrown on them; and this 
is exceedingly important, as muscular contraction is a vital 
action inYolving expenditure of force, and TCiy exhaoslang. 




Fig. 27. — Illiistrates the preservation of the centre of gravity 

within the basis of support. 

The body is supported with still less muscular effort in 
the position called standing at ease than at attention. In 
standing at ease the weight is borne principally on one foot, 
while the other assists lightly as a prop. The limb on which 
support is made has the knee straight, and is inclined above 
towards its own side, so as to bring the weight of the trunk 
over the foot; the haunch of the other side is allowed to 
drop to a lower level than its fellow, sending the lower end 
of the vertebral column into an oblique position; and the 
trunk is kept vertical by the column being thrown into a 
spiral curve. 

When a heavy weight is carried in firont of the body, 
the trunk is thrown sufficiently back to bring the centre 
of gravity of the whole mass within the basis of support ; 
for this reason portly persons, in whom the weight of 
the abdominal r^on is greatly increased, hold themselves 
11 T> 
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particularly erect. When the upper part of the body is bent 
forward, the lower part is carried backwards; and if the 
knees be bent, the projection forwards of the legs is balanced 
by the bending backwards of the thigh. When the knees 
are completely bent, the heel is raised from the ground, 
because the joints at the balls of the toes are required to 
supplement the ankle in bending the leg sufficiently down 
to bring the centre of gravity forwards over the base of sup- 
port; and that is the reason why, in such a position, the 
heel is more raised when the trunk is upright than when it 
is stooped forwards. 

27. In walking and running the weight of the body is 
thrown from one limb to the other alternately, and, except in 
exceedingly slow marching, balance is not yet completely 
established on one limb when the weight is shifted to the 
other. Before the limb which is advanced reaches the ground, 
the body is propelled forwards by the straightening of the 
ankle of the foot which is behind; it is then pulled over on 
the hip of the advanced limb by the muscles on the outside 
of that joint (gluteus mediua and minimus), and, especially 
in long steps, it is drawn forwards to the advanced limb by 
a strong mass of muscles extending between the pelvis and 
inside of the thigh (the adductors). 

The difference between walking and running is two- 
fold. First, in walking the heel is brought to the ground, 
while in running it is not; yet the foot, at the moment 
when it is used to propel the body in running, is as ad- 
vantageously placed as in walking ; for the leg is so much 
sloped forwards that the angle between it and the foot is 
quite as sharp b& it ever is in walking. Secondly, whereas 
in walking the whole propulsive action is from the foot, in 
running, the knee and hip-joints being both greatly bent, a 
vast additional impulse is given by their simultaneous exten- 
sion. So also in leaping, all the joints of the^^lower limb 
are flexed in preparation for the leap, and the impetus given 
by their sudden extension propels the body through the air. 
But leaping differa from running, in that the limbs are 
extended together instead of acting alternately. 

28. In the movements of the skeleton, all the three orders 
of levers are employed. In extending the fore-arm, as in bo^?;- 
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big, a lever of the first order is iHnstrated ; tbe liand Wiig 
the weight, the extensor <^ the elbov the pover, and that 
joint the folcnun placed between the vei^t and power. 
But when the elbow is strai^tened in raising tbe bo-^ on 
the hands, then the Eoperincombent wci^t fal!^ at the 
elbow, between the extensor mnacle, wludi is sdll the power, 
and the hand, whi«^ is now the fnlcmm; and the second mder 
of lerers is illnstrated. "When a wei^t held in the hand is 
TBJsed by beading the elbow, the flexor moades in &>nt of 
the Joint are those which act ; and, as ther are EJtnated 
between the fnlcmm and weight, a lever td the third orda 
is brought into action. 




Fig. 28.— Tbk thbeb Ozdees or Letxb3, i&iutrated at the Elbow. 
The mnscles of the calf (the gastrocnemios and eolens), 
passing down to the teodo Ai-hilHiij are concerned in 
actions illnstrating all three kinds of lever. When the 
foot is raised and the toes depre^ed, as in working a 
pedal, the weight is at the toes, and the ankle-joint is the 
fdlcrum of a lever of the first inder; when we rise on tip- 
toe it is the mnscles of the calf which'iaise the hisd, the 
fnlcnun is at the toes, and the wei^t of the bodj fitlls on 
the ankle after the lashion c^ a lever of the second order; 
and, lastly, in tite slighter action of the same muscles, when 
the heel ia kept to the gnnmd by the weight of the body, the 
force which prevents the body falling forwards is applied 
at the upper attachments, wlule the aokle is the faLExvmv, 
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and the forward inclination, of the body above is the resist- 
ance, so that the mechanism is that of a lever of the third 
order. 




Fig. S9.— Thb thrbs Obdibs of Levers, illustrated in the Fovk 



CHAPTER IV. 
MUSCLES. 

29. The active element in which the force resides by which 
not only the bones and joints are set in motion, but likewise 
all the movements of the organs are accomplished^ is called 
muscular fibre. 

Muscular fibre presents two great varieties, the striped 
and the unstriped. The striped is the more complex, and, as 
it is the variety of which all the muscles consist, and over which 
the will has control, it is likewise termed voluntary muscular 
fibre; while the im^triped or smooth variety, beini employed 
in the viscera, blood-vessels, and other structures subserving 
the purposes of organic life, and beyond the control of the 
will, is termed involuntary or organic muscular fibre. There 
are, however, various instances in which striped muscular 
fibre is not under the direction of the will, the principal being 
the heart ; and there is a circumstance other than the rela- 
tion to the will, on which more probably the kind of fibre 
used in each structure depends, namely, that striped muscle con- 
tracts suddenly when irritated, and becomes suddenly relaxed, 
whereas the unstriped contracts slowly and is relaxed slowly. 
The heart is required to contract rapidly, and striped muscu- 
lar fibre is used in its construction. The mode of contrac- 
tion of striped muscle is exemplified by the immediate 
response of the muscles of the skeleton to the impulses of 
the will ; while the contraction of unstriped fibre may be 
seen by watching the enlargement and diminution of the 
pupil, occasioned by altering the focus of the eye or the 
amount of light admitted to it (p. 242). . But birds, which 
probably require more rapid action of the iris in connection 
with their exti-aordinary keenness of vision, have the muscu- 
lar tissue of the iiis composed of striped fibres; and in mam« 
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mals the mnsclcs of the tjinpanum, which are atimutated 
precisely ia the same way as the iiia, are of 4^e striped 
description. 




Big. 30. — Striped MuscuLiK Fibre, a, ondiBturbed fibre ; S, 
treated with acetic acid, to show the anclei ; e, the atriated 
substance torn and the sarcolenuna nninjured; d, fibre teased 
out to show the librillie ; e, fibre broken into discs above, and 
showing fibrillar bolow ; /, termination of nerve, after Kuhne. 
30. Striped Unscular Tissue consists of very long fibres 
■which, in their best developed varieties, approach tJj 
of an inch in diameter. In most instances each fibre 
exhibits a delicate sheath or earcoletmna, which, in its 
reaiatanee of reagents, resembles elastic tissue. The sar- 
colemma is filled with substance which is closely striped 
or striated transversely, the striation depending on a 
regular alternation of parts of different refractive pro- 
perties. By careful manipulation this Ariated substance 
may be separated up into a bundle of fine threads Called 
fibriUce, each of which exhibits the same alternation of parts 
which causes the striation of the fibre, and may be looked on 
as a series of dark or highly refractive parti, the sarctma 
elenmiia of Bowman, connected by means of a leas dense 
material. By other modes of manipulation the striped fibres 
may be partially cleft across, sq as to present the appearance 
of a series of discs ; and there is no sufficient reason for sup- 
posing that the division into fibrillte is more natural than 
this division into discs. To the interior of the sarcolenuna 
are adherent & number of elongated nuclei ; and it is impor- 
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tant to observe that in the frog, and also in earijr foetal 
development of mammals, the nuclei are imbedded in the 
middle of the striated oontractQe substance. The fibres of 
the heart have no sarcolemma. 

3L Unstriped Huscnlar Tissue is often arranged in 
bands of indefinite length like the striped fibres ; but even 
when this is the case, it consists of a series of elongated fusi- 
form corpuscles varying usuallj from ^^ to -g^ of an inch 
in length, and known sua Jibre-ceHs, although possessing no 
proper cell-walL These fibre-cells are flat, with long taper- 
ing extremities, an elliptic or rod-like nucleus in the middle, 
and at each end of the nucleus usually a few granules. They 
are of dense consistence, and adhere one to another tena- 
ciously by means of a material acted on by nitric acid. 




Fig. 31. — Fibre-Cells or Uksteiped Febbe. 

32. New muscular fibres of both the striped and unstriped 
variety, would appear to be capable of being developed frdm 
connective-tissue-corpuscles. In both varieties the connec- 
tion with the nervous system is effected by filaments of 
nerves entering the interior of the fibre ; in striped fibres the 
filaments end in swellings or expansions in or on the striated 
substance, and in unstriped fibres certain observers trace 
them to the nuclei of the fibre-cells. 

33. Muscular substance consists in greater part of muscle- 
fibrin, a description of albuminoid material which, in the form 
in which it is found after death, is termed syrUomiif and is 
distinguished from other varieties of fibrin by being soluble 
in dilute hydrochloric add. It would appear, however, that 
during life the muscle-fibrin is in a fluid condition, and differs 
from the syntonin found after death ; and it has, therefore, 
been distinguished as myodn. That a slight decomposition 
sets in soon after death, seems certain from the circumstance 
that dead muscle has an add reaction^ whereas muscle which 
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is still contrftctile is neutral or sliglitly alkaline^ except after 
being thrown into a state of spasm. 

Althoogh muscle-fibrin is the principal soHd constituent 
of muscle, there are numerous oiSiers which occur in small 
quantity in solution, some of them containing nitrogen and 
others not. The nitrogenous substances referred to are all 
of them much simpler in chemical constitution than the 
albuminoids, and the most important of them is called 
kreattn, of which it is sufficient to note that it and its allies 
are of a composition less complex than gelatin, and more 
complex than urea. Among the non-nitrogenous substances 
found in muscles may be mentioned grape sugar, and another 
variety of sugar called inosite, also lactic, butyric, and other 
acids. These various substances, both those which contain 
nitrogen and those which do not, are probably formed by 
processes of decomposition incident to activity of the muscu- 
lar fibre, for their quantity is greater in muscle whose 
irritability has been exhausted by electric stimulus, than in 
muscle which has been at rest. Thus the hind limbs of a 
frog have been separated from the animal, and one of them 
has been subjected to severe electric stimulus, while the other 
has been left at rest; and the muscles of the stimulated 
limb have yielded a notably larger amount of substance 
soluble in alcohol than those of its fellow (Helmholtz). 

34, During life, however, muscular action is sustained by the 
combustion not of nitrogenous material but of non-nitrogen- 
ous. This has been proved by a variety of experiments, in 
which persons have been kept for days on a weighed diet of 
known composition, and their urine and other excreta have 
been daily analysed ; and it has beex^fom^d that on days on 
which they took violent exercise, they lost no more nitrogen 
than on days when they were at perfect rest. By other ex- 
periments it is • known that the amount of carbonic acid 
given off by the lungs is greatly increased by exercise. A 
muscle may, therefore, be compared with an engine which 
consumes in its work, not its own substance, but fuel. This 
fuel is carbonaceous material, which is converted with the 
aid of oxygen into carbonic acid and water; while it is in the 
intervals of rest that the proper substance of the muscle, 
consisting of albuminoid material, undergoes growth and repair. 
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35. Althougli the normal stimulus to muscular oontraction 
is derived through nerves, the muscles may be excited to 
contract by various other stimuli, mechanical, chemical, and 
electrical, and by heat and cold. Isolated muscular fibres, 
both striped and unstriped, have been made to contract 
under the microscopa The irritability of muscular fibre is, 
therefore, inherent in itself, and not due to its nervous con- 
nections. Complete contraction sustained for a short time 
is followed by a condition of exhaustion or temporary loss of 
irritability; but the duration of contractile power may be 
greatly increased in the pathological spasm termed tetanus, 
the condition which constitutes lockjaw when it affects the 
muscles of mastication. However, a certain slight amount 
of habitual contraction of a continuous description, distin- 
guished as tonicity, exists in a number of muscles, possibly 
in all; and we shall find it illustrated in the coats of arteries, 
and in the circular muscles called sphincters, which keep the 
orifices around which they are situated closed ; for example, 
the pyloric orifice of the stomach. 

llie irritability of muscle continues for some time after 
the death of the animal, and in some cold-blooded animals 
may continue for days. The properties of living muscle can 
therefore be studied on parts separated from the bodies of 
animals. A block of living muscle placed in the circuit of a 
galvanometer exhibits a remarkable description of electric 
tension so long as it is quiescent. A galvanometer is an 
instrument which indicates the presence and direction of 
electric currents in a wire by means of the deviations of 
a magnetic needle placed over an insulated coil. If the 
circuit of the wire be completed by making contact with 
the transversely cut extremities of the block of muscle, 
or with points equally distant from the centre, no cur- 
rent is exhibited; but if the contact be made with any 
other points, the galvanometer indicates the passage of a 
current through the wire from the point nearest the centre 
of the block of muscle to the other; and this current is 
strongest when one point of contact is at the centre of the 
block, and the other at one extremity. If, however, the 
muscle be made to contract, the condition of electric tension 
ceases. 
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36. Some time afber deatli, at a period said to vary from 
ten minutes to eighteen hours, or longer, a state of rigidity 
of the muscles sets in, termed cadaveric rigidity/ or rigor 
mortis. It begins in the feice, and extends successively to 
the trunk and upper and lower limbs, and disappears from 
the parts in the same order, after lasting for a period varying 
from a few horn's to several days, and longest in those 
instances in which it has set in latest. It is longest delayed 
and most marked in strong subjects who have been cut off 
in full vigour. It never sets in till after the disappearance 
of irritability, and that circumstance is sufficient to show 
that it is not, as has sometimes been supposed, a contraction 
of the muscles. Rigor mortis is often so intense as to render 
it impossible to alter the attitude of the limbs without tear- 
ing the muscles or damaging the bones; but it never alters 
the position in which the body is lying; for example, it does 
not raise the jaw when it has dropped in death ; and in this 
it differs obviously from muscular contraction. The use of 
muscles is to produce movement by their contraction; and 
when two opposing groups are both made spasmodically rigid, 
as may happen in tetanus, the stronger overcomes the other. 
But so far from this being the case in rigor mortis, it is known 
to every undertaker that a body stiffens in whatever position 
it is placed in. No doubt some apparently well authenticated 
stories are on record of movements of the limbs taking place 
in persons who had died of yellow fever; but, however difficult 
such cases may be to accoimt for, the very circumstance that 
the movements were neither spasms nor mere twitchings, but 
of a combined description, shows that they were not a variety 
of rigor mortis, and did not originate in the muscular texture, 
but in the nerves; and the explanation of them must be 
sought in some irritation of the central nervous system, 
probably by a product of decomposition, before irritability 
had ceased in the muscles. It appears, then, that rigor mortis 
produces no change in the length of the muscles ; and there 
seems good reason to accept the hypothesis that it is a 
phenomenon due to chemical change which coagulates the 
myosin; but it must be admitted that we are not yet pro- 
perly acquainted with the chemical distinctions of muscle 
prior to, during, and subsequent to rigor mortis. 
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S7> TTnstriped muscle is, for tlie most pari^ fonad difirued 
among the o^er tissues of ot^ans, into the formation of which, 
it enters, or lying in sttsta. Striped moacle, for the meet 
paj-t, is gathered into definitely limited orgaus called musdes, 
which have a distinct origin and uisertion, and usually a 
certain amount of tendon in their construction- Hie extent 
of action of a muscle depends on the length of its fibres 
while its strength of action is in proportion to tho nnmber of 
them. Wlien therefore a muscle consists 
of few fibres running lengthwise from origin 
to insertion, it is useful rather for the ext«nt 
of the movement which it serves, than for 
the force which it gives to it. But when 
great resisting power is required in a muscle, 
its tendons extend through its substance, and 
its muscolar fibres are short and nutnerona, 
passing obliquely from one prolongation of 
tendon to another: thus in the soleos, one 
of the muscles of the calf already referred 
to (p. 51), ihe fibres are arranged in four 
oblique sets, and are n<me of them more than 
about an inch in lengtbj so that the muscle 
is incapable of approximating its attach' 
mentB more than an inch, bat can exert in 

its limited range an enormous force, and is ^. 32. Dtep 

thus well adapted to sostain the weight of Buriace of ao- 
the body in standing, ^'^ mwda 



CHAPTER V. 

FREE SURFACES, EPITHELIUM, SECRETION, AND 

INTEGUMENT. 

38. The free surfaces to be noted in the study of the body 
are of three descriptions : — ^ 

First, the external surface of the body is covered witu 

integument. 

Secondly, the surfaces of hollows and passages communi- 
cating freely with the outside, such as the alimentary canal 
and the ducts of glands, are lined with mucous mernbranef 
so named from the mucus with which it is lubricated, thrown 
out from its surface, or supplied by glands. 

Thirdly, the surfaces of cavities and canals which have 
little or no commimication with the outside, have a smoothly 
polished appearance, and from them transudes, in the case of 
empty cavities, a sufficient amount of fluid to moisten them. 
This group of surfaces includes serous membranes^ which are 
shut sacs of delicate membrane, extending over the surfaces 
of viscera, and lining the opposing walls of the cavities 
which contain them, so as to allow free gliding m.ovement; 
thus the abdominal viscera and the opposed walls of the 
abdomen are invested with the peritoneum, the lungs and 
ribs with the right and left pleura, and the heart with the 
pericardium. The synovial membranes lining the cavities 
of joints are similar to serous membranes, but are not con- 
tinued over the faces of the articular cartilages. Synovial 
hur8(B, provided for the free gliding of muscles or integument 
over bone, such as the bursa on the front of the knee, the dis- 
tention of which with fluid constitutes the common affection 
cal ed housemaids knee, are sinnlar sacs with more slender 
walls; as also are the sheaths, caUed theca>., in which a 
number of tendons glide. So also the interior of blood- 
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vessels and lymphatics are polished and smooth, and the 
interior of the heart ia lined with membtsne very mmilar to 
the pericardium round it. 

39. Epithelium. — All the free snrfiu%s now alluded to 
agree in one point, namely, that they are clothed with one 
or more strata of nucleated corpuscles. Such investmenta 
are termed epiiA^iuTn, and the corpuscles which compose 
them epithditd cdU. 

Epithelia, in vhich the cells are arranged in a single layer, 
are termed gimple, while those in which there are several 
layers, are distinguished as stratified; and stratified epithelia 
are named according to the character of the superficial layer, 
without regard to the numerous shapes of corpuscles in the 
deep layers. 

ii sgttajnovs or pavement epithelium the cells ore flattened 
lite scalea. The surface belonging to the third group above 
described, including aeroua and synovial membranes, and the 
interiors of vessels, are all clothed with simple squamous 
epithelium of deUcate microscopic character. The cuticle, 
which will be more particnlarly described anon, and the 
mucous membranes of the mouth eyehds, and ormaiy 




F g 33 — VAUiBriES of Efitbeliuu a leparate BqDamoiu cella 
frcm moDth b from se one membrane fluted cell from d^ 
part of epidernus ; d, colmnnar celli of inteatme , t, cnbic&l ceJi 
of kidney ; /, ciliated colaninaT stratified epithelinin of wind- 
pipe } g, dlisted spiieric^ cell* from choroid plexos of brain. 
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bladder, afford instances of stratified squamons epithelium. 
TLo microscopic examination of the more delicate simple 
8<{uamous epithelia, is facilitated by treating the surface to 
be examined with a solution consisting of one grain of nitrate 
of silver in an ounce of distilled water, and, after a few 
minutes, washing it and exposing to the light. Oxide of 
silver is deposited, first in the lines of contact of the edges 
of the cells, and, on a little further exposure, also in their 
substance, particularly in the nuclei. 

Columnar epithelium has the cells elongated in a direction 
vertical to the surface, and lying together like rods or prisms. 
It is found in the whole length of the alimentary canal, from 
the entrance into the stomach and onwards, and in the 
majority of ducts of glands. In glands and their ducts, 
there are also various transitional forms between columnar 
and squamous, as, for example, the cubical ; and the terms 
spheroidal epithelium and glandular are used for the various 
irregular polygonal forms of corpuscle engaged in secretion 
in the salivary and other glands. 

Ciliated epitlielium is neither the mere mechanical protec- 
tion which squamous epithelium is, nor the secreting struc- 
ture which columnar and others often are, but has the 
property of keeping the moisture on its surface in a perpetual 
current. This it does by means of minute hair-like processes, 
termed cilia, projecting from the.free aspect of its cells, and 
perpetually in motion. In a suitable fluid these cilia will 
continue to move for hours under the microscope, after the 
cells to which they belong have been detached from all other 
texture ; and therefore both the power of movement or con- 
tractility, and the stimulus thereto, must be inherent in 
themselves. The character of the movement is always the 
same ; it is so rapid that it cannot be observed in del^l till 
it begins 'to get slower, but the general effect is something 
like the undulation of a field of com swept by the wind, or 
still liker the vibration of hot air over a furnace seen against 
the light. When the rapidity abates, each cilium is seen to 
be slightly flattened, and to bend over to one side, and 
recover with a feathering curve. The movement is at all 
times in one direction, and that direction is in every case 
toward the orifice of the passage, when there is one. Ciliated 
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epithelium^ with the cells of a oolumnar form, is found doth- 
ing the respiratory passages, indnding the Iowa- part of 
the nasal cavity, the larynx, trachea, and bronchial tubes ; 
it also lines the Eustachian tubes, and parts of the repro- 
ductive passages, both male and female. Ciliated epithelium 
of spheroidal character is common in the inv^tebrate and 
lower vertebrate animals, and is found in the ventricles of 
the human brain. 

40. Secretion. — ^It has been pointed out that epithelial 
cells are in some instances devoted to secretion, and it wiU 
be convenient in this place to explain the nature of that 
function. Secretion is the preparation and separation of any 
substance from the economy ; and the substance may eitho- 
pre-exist in the blood and be merely extracted therefrom, or 
it may be a new substance elaborated by the secreting organ. 
Thus, in the perspiration there is little which does not pre- 
exist in the blood, while in the bile the most important in- 
gredients not only are not constituents of the blood, but are 
poisonous when absorbed into it. In probably all instances, 
nucleated corpuscles of the description of epithelial cells are 
agents in secretion. The water contained in some secretions 
may escape from the blood in part by mere percolation, but 
the solid constituents are selected oar manufactured by the 
secreting corpuscles or cells. 

A certain amount of serous or mucous secretion may 
escape frt>m the general surface of serous or mucous cavities ; 
but for the production of special secretions there are glands 
provided, which are organs composed essentially of recesses 
opening off frt>m epithelial surfaces and lined with secreting 
cells, which obtain the material on which they act from a 
copious supply of blood-vessels round about. The recesses 
of which glands consist may be either tubules or saccules, 
which may open singly on a free surface, constituting simple 
glands, or may be gatiiered into groups, forming compound 
glands, which, whether tubular or sacxnilar in the secreting 
part, pour their secretion into tubules converging to a 
common duct. Compound sacculated glands have the 
primitive saccules arranged in lobules, and these in larger 
lobules ; and such glands are therefore termed lobulated. 

With respect to the mode of action of the secreting cells 
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or nucleated corpuscles, it may be remarked tliat, in the in- 
stance of one of the salivary glands (the sub-masillai;) in 
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inches long. 
the rabbit and the ox, branches of nerve have been traced 
under the microscope to the individual corpuscles, and it has 
been found that stimulation of the chorda fympani nerve 
supplying the gland excites secretion, and that the corpuscles 
of a gland so excited have a different appearance from those 
of a gland which has been at rest, losing the sharply defined 
transparent and slightly striated appearance which they 
have when at rest, the contour lines becoming indistinct, 
and the substance altered, so as 
to be capable of being stained 
more uniformly with carmine 
(Heidenhain and Pfliiger). So 
also the secreting cells of the 
glands of the stomach have 
been found to have a different 
appearance duringdigestion from 
what they have in an unfed 
animal, but no appearance of 
multiplication of the cells at 
these times can be detected. It 
therefore appears that the se- 
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creting cells act by undergoing, under nervous stimulation, a 
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cLange of condition, during which they hOiTe powers of attrac- 
tion, elaboratiOD, and transmiasion of Bubstancea. The ai^ve 
condition of the cells is not, however, proved to be in all 
inst&nces occsfdonal, and excited only by nervous stimuliis. 
While saliva and gaatric jnice are poured out in response to 
occasional nervous irritations, the secretions of the hidneya 
and skin never wholly cease in health; and it is possible 
that in these organs the corpuscles have a certain amount of 
continuous activity, comx)arable with tonicity in muscles. 

41. The Internment. — -The integument combines the 
fimctions of protection, sensation, and secretion, and consists 
of two parts, the epidermia and the cutis vera. 




Fig. 37. — iNTKOcmtST op Hijn>, vertical eection magnified, a e, 
epidermiB; ab, homy layer; he, rote mncosUDli e, elraigated 
corpoBcleB of deepest layer ; d d, capillsTf Wood-veMele in two 
papiUra ■ e, nerve fibre, ending in a, touch corpuscle ; /, duct of 
sweat gland, s^ial in the homy layer; g, the same, beneath the 

<!irftcfe,or<c<ir/^sftin,isastratified squamous 
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epitlielium. When very thin sections vertical to the sar£eu» 
are made through it, and examined under the microscope, 
it is seen to consist of two parts^ which are very different in 
appearance : a deep part consisting of delicate texture^ and a 
superficial which is homy. The difference may be made 
very striking by acting on the specimen with a drop of an 
ammonia solution of carmine^ which takes no effect on the 
homy part, but stains the deep part, and particularly the 
nuclei, it being the property of that solution so to act on 
all growing nucleated corpuscles. 

The deep part of the cuticle is likewise called the 
mucous layer (rete m/ucosumy or Malpighian layer), and 
it presents several strata of cells. Those which lie 
deepest, resting on the cutis vera, are always somewhat 
elongated vertically, while those immediately superficial 
to these are small, and the remaining strata exhibit 
cells larger and more flattened the nearer they are to 
the surface. It appears, therefore, that whatever may be 
the mode of origin of the deepest or elongated cells, the 
other layers consist of elements, the history of each of which 
is, that it has originated as one of the minutest cells, and 
passes gradually to the surface as it enlarges, undergoing 
both change of shape and chemical composition, until it 
becomes incorporated with the homy part of the cuticle, and 
is ultimately shed from the surface in the shape of a small 
scale. .:- 

The superficial or homy part of the cuticle consists of 
flattened cells closely adherent one to another, receiving 
additions from the mucous layer on the deep side, and cast- 
ing off its oldest cells from the surface in a perpetual in- 
sensible desquamation. Its cells may be separated and their 
nuclei displayed by the action of a solution of caustic potash. 
The explanation of blistering is, that the mucous layer, acted 
^^.^y some unwonted irritation, pours oxfl a serous discharge, 
which, being pent up by the impermeable homy part of the 
cuticle, separates it from its connections. 

The cuticle, besides the mechanical protection which it 
^ves the body, furnishes likewise, by the impermeabiHty of 
ie «i^^®''!i'?i.^ *^^ intervention of Hving parts between 
tiie surface mi the v^cular channels within, a protection 



67 

against the absorption of poisons, so thai tliese, as is f^m\{v%r 
to eYery one, may be bandied with impunity when the cotide 
is perfect, and jet may be introdnoed mto the system by a 
very small wound. The snrfiu» of the body is not, howerer, 
to be supposed incapable altogether of absorbing sobstuioes 
from without. Fluids left in contact with the cutide, and 
even solid substances rubbed into it, aze gradually absofiwd. 
Probably such absorption takes place principally in the onfioes 
of the sweat gland^ but even these are lined with thin pro- 
longations of the homy cutide, which thoefose cannot be 
regarded as totally impermeable. 

A variable amount of pigment exists in the deep cells of 
the cuticle, and it is on this that all duskiness of skin 
depends, the greatest amount of pigment being in the cotide 
of the negro. Among the chemical changes, however, whidi 
take place in the epidermal cells as they approadi the sur- 
face, is the disappearance of the pigment; and the homy 
layer is pale which is raised by a blister from the negro's 
slon. The red tints of the skm are not dependent on pig- 
ment, but on the blood ahiTiiTig throng frtnu the blood- 
vessels in the cutis vera. 

42. The cutis vera, derma, eorium, or true skin, has a white 
fibrous basis. Its surface is thrown into papilbe or finger-Hke 
prominences, the largest of which are alxmi ^97 <^ <^ ^^^^ 
in length. In the papillary part, it is imposable to detect 
separate fibres ; while in the deeper part, the white fibrous 
substance is arranged in interlacing bands, the spaces between 
which get larger as the subcutaneous tissue is approached, 
into which the skiu gradually blends. In the deep part also, 
elastic fibres curl and twine in all directions, and there is a 
copious network of connective-tissue-corpusdes with lon^f 
processes. Thasuperficial part is mudi more vascular than 
the deep ; for close to the surface of the cutis is spread one 
of the richest networks of capillary blood-vessels in the body, 
with a loop of blood-vessel in every papilla. It is from these 
blood-vessels that the epidermis receives its nourishmeniL 
The epidermis is moulded to the papillary swrface of the 
cutis j and in the hands and soles of the feet, which have the 
papillflB disposed in thickest rows, the trace of this arrange- 
ment is left on the surface of the catide. in the form of tha 



68 AKIMAt l^HYSTOLOOr 

ridges with furrows between them which characterise those 
parts. 

43. The sensibility of the skin is due to the presence of 
nerve terminations, which are of different descriptions and 
at different depths. The largest of these are termed Pacinum 
bodies, and are especially found in the subcutaneous adipose 
tissue of the filers and toes (fig. 38). They are grape- 
shaped structures of such size that they can be recognised 
by the practised dissector with the naked eye as minute 
grains, being upwards of -^ of an inch in length ; and they 
consist each of a dilated end of a nerve fibre, with layers 
of tough nucleated tissue round about Thej are not 
peculiarly integumentary structures, for the site in which 
above all others they are found easily and abundantly, is 
the mesentery of the lower bowel of the cat. Within a 
number of the papillfle of the cutis vera smaller bodies are 
found, termed Umch-corpvscles of "Wagner (fig. 37). These 
are of such size, that each one fills the greater part of 
the papilla in which it is contained : the structure consists 
of a firm nucleated core, round which the nerve is coiled. 
Still smaller end-bulba (of Krause) are found in or beneath 
the papillae in places where the skin is delicate, as on the 
lips and over the white of the eye, and appear to resemble 
the Pacinian bodies in having the nerve ending in the in- 
terior. Lastly, it is to be noticed that, independently of all 
these modes of nerve termination, nervous filaments have 
been found ramifying between the cells of the epidermis, and 
possibly terminate in individual cells ; and, although this is 
the most difficult method of nerve-termination to trace, there 
can be little doubt that it is the most important. 

44« The glands of the skin are of two descriptions, the 
sudoriparous and the sebaceous. 

The svdoriparcyas, or sweat glands, are in great numbers 
all over the body. In the palm of the hand there are as 
many as 2500 in every square inch of skin, but in the lower 
limbs and back there have been estimated to be not more 
than 600 in the square inch. On the palm, particularly 
when it is warm and slightly moist, the orifices of these 
glands may be easily seen with a simple pocket lens arranged 
in a row on every ridge. Each gland consists of a tubule, 
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tbe secretiiig part of ■whicli is coiled ap Into a ball about -^ 
or -jjjj incii in diameter, imbedded in the subcutaneouB 
tisaae, and mippUed freely 'with blood-vessels, while the duct 
passea verticaJlj up tlirou^ t^e cotiam. Bometimea there 
are two tubes ia one coil, uniting to form one duct. In the 




Hg. 38.— SwiiT GuKiffi AMB PAcraiAN CoBPtracLEs. a, Papillary 

cnrface of corinm ; b, Becretlng portioDS of the sweat glonde ; C, 
COipUBcles of Paeim. ^^ ..-. 

palm of the hand and the sole of the foot, where the epider- 
mis is thick, the sudoriparous ducts, in passing "through the 
homy layer, are thrown into a fine spiral lite a. cork-screw, 
■whidi may be accounted for thus: the ducts in the deep 
part of the cuticle are lined with homy epithelium, -which is 
incapable of contraction, while round about them are grow- 
ing epithelial cells of the reto mucosum, which, aa they 
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approach the surface, in process of conversion into the hom^ 
layer, become flattened ; the homy wall of the duct, as it is 
carried to the surface with the structures in which it is im- 
bedded, having therefore to be accommodated in a shorter 
vertical depth than it occupied at first, is pressed by the 
shrinking structures round it into an oblique position, and 
the regular continuance of this process gives rise to a spiral. 

The sebaceous glands (fig. 41) are for the most part con- 
nected with hairs ; and large hairs have usually several of 
them opening into the necks of their follicles, but fre- 
quently it happens, particularly in the face, that a very 
large sebaceous gland opens into the neck of the follicle of 
a very small hair, showing that these glands not only serve 
to lubricate the hair, but the integument as well. The 
sebaceous glands consist of one or more small groups of 
saccides opening into a common duct, lined with epithelium, 
and filled with oily matter. 

45. The perspiration is the combined product of both sets 
of glands, but principally is derived from the sudoriparous. 
The sebaceous glands secrete nothing but oil, and they are 
not the exclusive source of the oil of the skin ; for not only 
may particles of oil be detected in the interior of large sweat 
glands, but oil is secreted by the palms of the hands, which 
have no sebaceous glands. In connection with this it may 
be mentioned that the ceruminous glands, which secrete the 
wax of the ears, are simply large sweat glands. The most 
abundant solid constituent of the perspiration is common 
salt, chloride of sodium; and besides other salts, there is 
always a small amount of urea in it. Carbonic acid is 
likewise given oflf by the skin, although the amount of it 
is insignificant compared with what escapes by the lungs. 
The total amount of perspiration is obviously exceedingly 
variable; but in experiments made by enveloping the body 
in a water-tight bag with apertures for breathing, it has been 
found to be little short of two pounds per diem. One obvious 
use of the perspiration, and probably the principal purpose 
which it serves, is the protection of the body from too great 
heat, whether of external or internal origin, by the cooling 
effect of its evaporation from the surface, as mil be further 
referred to (p. 149). Its flow, like that of saliva, is probably 



fePIDEBMAL APPESBA^SS. 71 



tmder the ooniiol cf the nervoos syisbem. ; eertunlr it is so 
mere filtration dependent onlj on the amount of Uood Bern 
to the snr&oe, for the skin may be hot and diy, parckfilariT 
in fevers, and a cold sweat may burst out when the surface 
is pale from deficient flow of blood to the saAce, as in the 
recovery from fainting. 

Confodering the foncticm of the pen|Mratkm as a moderator 
of the temperature of the body, the reralts which are obtained 
by varnishing the bodies of animais with an in^KTmeaUe 
coating are not only interesting, bat ezceedin^y difficult to 
explain. In such ea^eriments, when the Tarnishing is com- 
plete, the temperatore rapidly fedls, and the animals die alter 
periods varying from a few hours to days; the smaller 
animals, those in which the total scrface bears the lar;^t 
proportion to the body, being those which succumb socnest. 
Why the temperature falls is not understood ; but whatever 
the cause of death, such experiments show the importance, 
in a sanitary point of view, of removing accidental accumu- 
lations of all kinds from the surface of the body. 

46. Epidermal Appendages. — ^For purpoees of protectioa 
there occur in difierent animals a variety cf special growths 
froTBL the cuticle ; and those which occur in the human sub- 
ject are nails and hair& 




Fig. 39. — T^AIL AKD ITS Matrix, longiiiidiiial seciioiL a, Honsy 
layer of epidermiB ; b, nmcoiis lajet ; e, oonmn. ^ . . . 

A Nail is simply a thickening of the outer layer of the 
cuticle growing from a bed or mainx, which is in the form 
of a fold at the back part In this fold there are two sur- 
faces of skin looking one toward the other, and thus the root 
of the nail receives additions from above and below, as well 
as behind. It is pushed continually forwards by new growth 
at the bottom of the fold, and continues to receive additions 
to its thinVrifisff from the flat part of the matzix as long as it 
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is adherent thereto. Hence it happens that the nail is 
stronger the farther from the root, and that its outer surface 
is harder than the deep part where the recent and soft addi- 
tions to the thickness are placed. 

The substance of a nail is an instance of the texture called 
horn. But it is always to be kept in mind that the word 
horn has a double meaning, which has descended to it from 
the Latin. This has obviously arisen from the structure 
of the horns of the sheep and oxen, which consist of an outer 
coating of the texture called horn investing a core of bone. 
But on the horn of the stag there is no homy covering, the 
structure being a growth of bone, which, when young, is 
covered with integument, but afterwards becomes denuded. 
Instances of morbid growth of solid homy texture occur 
occasionally in man, but rarely grow to any considerable size. 
In bedridden persons, whose nails have been neglected, it 
sometimes happens that some of them project like claws, 
curving over beyond the digit, and become nearly as thick aa 
they are broad. 

47. A Hair consists of a bulb or root imbedded in a follicle, 
and a shaft or stem ascending therefrom. The follicle is an 
invagination of the integument lined with a thin prolongation 
of the cuticle, divisible into two layers, sometimes called the 
inner and outer root-sheath, and so adherent to the root of 
the hair that it is liable to be removed with it when a hair is 
pulled out. At the base of the follicle is an enlarged 
papilla ; and the hair itself may be considered as the ex- 
aggerated cuticular investment of this papilla. The root 
of the hair forms a bulbous enlargement round the papiUa, 
and consists in greater part of polygonal cells, which in 
dark hairs are loaded with pigment ; but towards the upper 
part, round about, the cellular substance is changed to 
fibrous, and on the surface there is an imbricated epithelium 
contmuous, below, with the innermost layer of the cuticular 
lining of the follicle. All these three elements may be repre- 
sented in the stem. The epithelium on the surface of the 
root, traced upwards, is seen to form on the stem an ex- 
tremely thin coat, of which the most easily discernible part 
is a network formed by the thickened edges of the scales. In 
many of the larger hairS; the cells which constitute the main 
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bulk of the root are con- 
turned in a colonm up the 
centre of the stem, and are 
termed the medulla. Eat in 
the smaller hairB of the body, 
and even often in the hairs 
of the head, the medtdla is 
absent, or only present in 
small patches; and in all 
instances the bulk of the 
stem is of fibrous substance, 
Trhich, in contradistinction to 
the mednlla, is termed the 
cortical part This corticsl 
Bubstance appears in the 
natural state nearly homo- 
geneous; bat irlieii boiled 
'with potash it is Been to 
consist of flat fibres, which 
are derived from the cells 
of the root by elongation 
and alteration of consistence. 
The three elements of the 
stem of the Lair are very dif- 
ferently represented in difier- 
ent animals. In wool &e 
edges of the epithelial cells are 
prominent, and by their ten- 
dency to catch cause the haii-a 
to be easily felted. la some 
small fl-nimalH the epithelium 
is like a series of hcUow con^ 
embiacing the hairs. In some, 
as in the niouse, the medulla 
is thrown into a series of air 
Fig. 40.— Haib. a. Papilla in the centre of the bulb ; 6, dermic 

coat of the luuc-fomde ; e, d, onter and inner caticalar lining ; 

e, cortex of the shaft ; /, medulla ; g, epitbeliiun ; f/, the aama 

-"" T> profile, imbricated on the root; A, portion "* ■'"'f* *— 
rhite, showing the mednlla enlarged 1 

air-bella, reflecting the ligh^ vid making tl 
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cavities, and in others, siicli as the pig, the medulla is 
entirely absent. 

48. The shaft of the hair is in some instances cylindrical, and 
in others flattened, and the tendency to curling is connected 
with the form. Thus the straight hair of the North Americaji 
Indian is cylindrical, and the negro's woolly hair is quite fiat. 
The pigment, on which the colour depends, is diflused in 
variable degree through cortex and medulla ; but the moat 
curious point with regard to the medulla is its connection 
with the turning of the hair white. In that change there is 
a disappearance of pigment; but there is likewise the develop- 
ment in the medulla of numbers of closely set minute globules 
of air. Such air globules are also constantly present in the 
white hairs of other animals, and reflect the light from their 
surfaces. A hair may begin to turn white in any part of its 
course, or in patches at different points ; and sometimes one 
may see in one hair some parts imchanged, some with 
the pigment gone, but without air globules, otters with 
air globules, but with the pigment remaining, and parts with 
both changes complete. It will he observed, theMfore, that 
the hair »mdergoe8 changes of nutrition in its whole length. 




Fig. 41.— Sbotion of SoAtP, showing two roots of haini. a, a. 
Blood-vessels J b,b, erector unucles of the hair; c,c, aehaceoiia 
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These may take place "with great rapidity ; for at least one 
case has occurred in hospital^ under medical supervision, in 
which the hair has grown white in a single night from 
anxiety, and there is, therefore, no 
reason to doubt the historical traditions 
of similar occurrences. The appearance 
in one night also of single white hairs 
without any special disturbance of the 
system, has been noted by competent 
observers, and is probably a very com- 
mon occurrence. 

The sensation of the hair standing 
erect from emotional or other causes is 
accounted for by the fact that a band 
of unstriped muscle descends from the 
corium, and is attached to the lower 
part of the hair follicle on the side 
towards which the hair is sloped, so 
that by its contraction it pulls the root 
of the hair into the vertical position. 

The first commencement of a hair in 
the embryo consists of a thickening of Fig. 42. — Develop- 
the cuticle by growth downwards into ^^t of a Hair. A, 
the corium; and within the mass of fXi^ ^Cfoi^ 
cells so deposited the form of the hair of the hair completed 
makes its appearance with a slender before appearing on the 
shaft and a large bulb, into which a siirface. After KoUi- 
papilla from the corium projects. Then, ^^' 
in the process of growth, the young hair bursts through the 
cuticular sheath in which it has been enveloped, and projects 
on the surface* 




CHAPTER VI. 
ALIMENTATION. 

49. It has been already mentioned that the tissues of the 
body are constantly parting with particles which enter into 
their composition, and are receiving new materials to replace 
what is lost. We have seen that increased muscular exertion 
is accompanied with increased loss of substance; and the 
same is true of increased mental exertion, and of increased 
evolution of animal heat, as in exposure to extreme cold. 
Muscular and mental effort, and the maintenance of the 
temperature of the body, as well as regeneration of the 
tissues, all involve losses of substance which require to be 
made good; and thus, as has been said at the outset, the body 
may be regarded as a vortex whose component particles are 
ever changing while its form remains. 

The processes by which materials are altered and thrown 
off are all processes of oxidation, by which complex chemical 
combinations are reduced to others of simpler descriptions ; 
and this is sometimes expressed, though not very accurately, 
by using the word combustion in speaking of such changes. 
The ultimate products of combustion of organic matter are, 
as will be recollected, carbonic acid, water, and ammonia; 
that is to say, that, keeping sulphur, phosphorus, and 
mineral matters out of account, and confining our attention 
to the carbon, hydrogen, oxygen, and nitrogen of organic 
matters, the most complete oxidation of such substances 
which can be effected is into carbonic acid, water, and 
ammonia. The oxidation within the body falls short of this; 
by far the greater part of the matters which escape from 
it, after having circulated in the system, being eliminated 
as carbonic acid, water, and urea, No doubt, as has already 
been pointed out, there is a continual casting off of homy 
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matters and of oil from the integument; and there is dis- 
charge of undecomposed matter in the form of mucus from 
intestinal and other passages, as well as certain substances 
derived frt)m the bile; but the total amount of loss from 
such sources is comparatively small. Also, it is to be noticed, 
that anmionia escapes from the body in minute quantities, 
and that there is usually in the urine a distinct though small 
quantity of uric acid, a product of less complete oxidation 
of nitrogenous substance than urea. But urea, the principal 
organic constituent of the urine, a material of the same 
composition as cyanate of ammonia, and therefore one stage 
removed from that perfect oxidation which results in carbonic 
acid and ammonia, is the substance in the form of which by 
far the greater part of the nitrogenous debris escapes from 
the body. 

Keeping out of consideration the debris of food which 
has never entered the system, but is discharged in the faeces, 
the amount of nitrogen given off daily may be estimated at 
250 grains,^ and the amount of carbon which escapes in the 
form of carbonic acid may be reckoned at 4000 grains; these 
substances must therefore be daily introduced into the systeni 
in those quantities in the shape of food, if the weight of the 
body and its constitution are to be maintained. Supposing 
the 250 grains of nitrogen to enter the system in the form 
of albumen, then in consequence of urea containing a much 
larger percentage of nitrogen and smaller percentage of 
carbon in its composition than albumen, there will be liberated 
in the conversion of the albumen into urea 755 grains of 
carbon, or seven-eighths of the total amount which the albu- 
men contains, to escape in the form of carbonic acid, while 
the rest of the 4000 grains daily lost must be furnished by 
additional supplies of food, which need not contain any nitro- 
gen. The amount of solid food necessary for the preservar 
tion of health is thus regulated by the loss of substance from 
the body; but as a certain quantity of the food always escapes 
digestion, and is discharged, after traversing the alimentary 
canal, without having entered the system, the supply taken 
has to be in excess of what is required to make up for 
systemic loss. It has been calculated that there are daily 
* One oonoe avoirdapois contains 437^ grains. 
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required for an adult man about 40 ounces of so-called solid 
food, yielding 22 or 23 ounces when evaporated to dryness, 
and from 50 to 80 ounces of water. 

60. The aliment required bj the body consists of organic 
foody salts, and water. The reason why water is required in 
larger proportion in our aliment than that in which it exists in 
the tissues, is that, by processes of filtration and evaporation, 
the body is constantly losing water by the skin, the kidneys, 
and the lungs, additional to what is produced by waste of 
tissue. Common salt or chloride of sodium, on account of its 
great solubility and the ease with which it passes through 
membranes, is also particularly liable to escape both by the 
skin and the kidneys, and is found in all the secretions; it 
requires therefore to be supplied in quantity greater than 
that in which it exists in the requisite amount of solid 
aliment. The results of experiment, as well as general 
experience, show that the addition of this substance to the 
food is advantageous to nutrition ; and it is well known to 
farmers that it is relished by cattle, and improves their con- 
dition. Other mineral matters useful in the economy, as, 
for example, salts of lime, occur in solution in the water 
which we drink, as well as in our solid food. 

The organic matters used as food, like those which are met 
with in the composition of the body, are divisible into nitro- 
genous and carbonaceous. Nitrogenovs foods are of two 
kinds, namely, albuminoid or proteid substances, and gela- 
tinoids. Albuminoids are obtainable from both vegetable 
and animal sources, though much more abundantly from the 
latter; in flesh diet they are supplied in the forms of muscle- 
fibrin and albumen ; in eggs albumen is furnished, mingled 
with oil in the yolk, and in the white altogether pure ; and 
in milk the albuminoid constituent is casein, distinguished 
from albumen by not coagulating when heated. Under the 
title of gelatinoids may be conveniently grouped a set of 
substances obtained from animal sources, and including not 
only gelatin and chondrin, but the tissues which yield them. 
Also, nearly allied to those substances in nutritive value 

are kreatin and other flavouring ingredients in the juice of 
meat. 

Co/thonac^ovs foods are likewise of two principal kinds— 
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the oils and the carbohydrates. Both consist of carbon, 
hydrogen, and oxygen, but the oils hare a much greater 
number of equivalents in their chemical formube than the 
carbohydrates; that is to say, they consist of more complex 
arrangements of atoms ; they have likewise a larger amount 
of carbon and a smaller proportion of oxygen in their compo- 
sition. The carbohydrates are so called from consisting of 
carbon in conjxmction with hydrogen and oxygen, in the 
proportion in which they are combined in water; they 
include starch, together with the allied substance cellulofie, 
which forms a large part of growing vegetables, and sugar. 
Starch is a highly important constituent of vegetable diet, 
forming the larger part of the weight of flour, and a much 
greater proportion of the substance of potatoes. It occurs 
in small granules which are insoluble in cold water, but 
which burst when boiled, the contents of the starch granule 
being dissolved, while the outer envelope remains unacted 
on. It is a property of starch that in the presence of certain 
substances, sometimes termed amylolytic ferments, it becomes 
converted into grape sugar ; and no starch is capable of being 
absorbed into the system until it has undergone that change. 
The sugars used in food are of three principal descriptions — 
cane sugar, grape sugar, and sugar of milk. It may be here 
remarked that milk, the sole food provided by nature for the 
infant, consists of a mixture of a solution of proteid sub- 
stance in the form of casein, oil in the form of butter, sugar 
of milk, and various salts, and therefore contains all the 
varieties of aliment necessary for health. 

6L Properly to nourish the body, the daily waste must be 
balanced by daily repair, and the food must contain a suffi- 
ciency of every substance required by the tissues. It follows 
from this, and has been proved by experiment, that no 
amount of carbonaceous food will make up for want of nitro- 
genous ingredients. On this account, aniTnals which feed on 
T^etables have to consume large quantities of food that they 
may extract the reqtdsite amount of nitrogenous substance; 
and persons who feed entirely on potatoes, require to use 
much greater quantities than they would require of other 
diet, because potatoes consist principally of starch, and have 
remarkably littte nitrogenous Babstanoe in their composition. 
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In fact, it may be said, that in a diet sufficient in quantity, 
if the nitrogenous constituents be too plentiful, unnecessary 
work is thrown on the kidneys, while, if they be too scanty, an 
tuinecessary load is thrown on the intestines. Moreover, it 
has been found by experiment that no amount of gelatinoid 
substance will suit instead of the albuminoids; animals can 
be supported on lean meat, but they die when fed on jelly 
alone, even when it is pleasantly flavoured, and at first 
relished. It appears, therefore, that animals have no power 
of building up albuminoid matter from simpler chemical sub- 
stances. They have no power of manufacturing organic 
matter from the materials found in inorganic nature, but 
feed either directly on the vegetable world, or on other 
animals which have fed on vegetables; and there is no proof 
that in any instance they have the power of acting on the 
simpler organic substances, so as to produce from them the 
more complex. Further, it appears from the researches of 
botanists, that even in plants the power of building organic 
matter is confined to the green parts. The statement may 
therefore be ventured on, iliat aofa/r as observation has yet 
proceeded, it wovM appear that the presence of chlorophyll is 
as necessary /or the prodtiction of orga/nic matter in orga/nisms, 
a^ the presence of protoplasm is necessary for growth. 

With regard to gelatin, the question is often asked how it 
happens, if it be incapable of sustaining life, that in conjimc- 
tion with other things, it is useful as an article of diet, and a 
favourite in the sick room. Perhaps that question is suffi- 
ciently answered by pointing out that carbonaceous substances 
are likewise insufficient by themselves to support life, and 
that in the formation of urea from gelatin, five-sixths of the 
carbon is unused, and therefore combines with oxygen to 
form carbonic acid, as does the carbon of carbonaceous food; 
also, that gelatin requires little digestion, and is at once de- 
composed on entering the circulation. 

All carbonaceous food serves the economy sooner or later 
by undergoing oxidation into carbonic acid and water, and 
thereby supporting the temperature of the body, or assisting 
its vital processes, as we have seen that it does in muscidar 
action. Oil may be temporarily stored up in the shape of 
adipose tissue^ and the carbohydrates may be stored as 
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glycogen in the liver, a viscus which likewise serves as a 
reservoir for oil, healthily in fishes, and more or less patho- 
logically in man; but there is no proof that grape sugar can 
be converted into oil, nor that either oil or sugar is changed 
into any more complex substance. It is quite possible that 
the fattening effects which the carbohydrates often have, 
may be produced by their saving from oxidation oil which 
would otherwise be consumed in their stead. Certain it is 
that, in dieting the sick, the use of the carbohydrates is not 
found to be equivalent to the use of oils. 

14 F 



CHAPTER VII. 
DIGESTION. 

52. The food is received into the digestive or alimentary 
tube; there it is subjected to a series of agencies by which it 
is in greater or less part digested or reduced to a condition in 
which it can be sucked up by appropriate vessels; and, while 
this portion is absorbed into the circulation, the effete re- 
mainder passes on and is discharged. The digestive tube, 
beginning at the mouth, is continued to the stomach by the 
throat and gullet, while the stomach is succeeded by the 
small and great intestine. In its passage along this tract, 
the food is subjected to both mechanical and chemical pro- 
cesses; and it is proposed to follow its course, and mark the 
mechanical actions to which it is subjected, before directing 
attention to the chemical changes. But, among the first of 
these mechanical actions is that of the teeth; and the whole 
structure and history of these may be conveniently considered 
at the outset, previous to noticing their action in mastication. 

53. The Teeth. — Under this term, in its widest significa- 
tion, may be included all hard stnictures for the trituration 
of the food; and these are of many different kinds, and found 
in different positions. In certain molluscs, e.g., the genus 
Bulla, and in Crustacea, e.g., the lobster and crab, teeth of 
shell are developed in the walls of the stomach; and both in 
Crustacea and insects, modified limbs, called jaws, are used 
for the seizure of food : in the cuttle fishes, the same function 
is performed by a homy beak in two parts like that of a 
bird; and in other molluscs by the rasping action of minute 
plates set on a long muscular tongue. In the vertebrata, the 
same variety of structures for breaking down the food exists. 
Birds and turtles have beaks which are homy developments 
of the integument opvering the jaws^ and graminiverou3 



THE TEETH. 

birda have not only muscular giz- 
zards, but by awallowiBg stonea, 
furnLab. themselves with temporary 
stomachic teeth of a most efficient 
deacnptiou 

Even among teeth, properly so 
called, namely, structures unpreg 
nated with nimeral matter, there is 
great variety In fishes and reptiles 
they may he jointed to hones by 
means of ligament, or welded to them 
immovably, and may be attached to 
numerous bones abutting on the oral 
cavity; indeed, true teeth occur 
(Synodontia) lying in the integument 
unconnected with any bone. In cro- 
codiles, the teeth are in large sockets. 
In mammals, they are confined to 
the inferior, superior, and inter-max- 
illaiy bones, and are fastened in 
closely fitting sockets, so that, when 
fiill grown, they cannot drop out, 
even when the bones have been 
macerated. 

A tooth, such as may be obtained 
from the human subject, consists of 
a crown projecting above the gum, 
and a roob imbedded in a socket of 
the jaw, and the place where these 
meet is called the neck. The root 
may consist of one fang or seveml ; 
and at the extremity of each fang 
ia a little opening leading into a 
cavity in the interior of the tooth, 
■which is filled with a soft and 
Benaitive substance called the pulp, 
while the blood-vessels and nerve of 
the pnlp pass through tho little 
opening. The main mass of the 
hard substance of the tooth ia corn- 




Fig 4J — Inctsob Tooth 
vert cal sect on a pulp 
canty; b, b, dentme 
showmg tlie ' general 
curves of the tubes and 
tliree contour lines crosa- 
iag them; c, enamel, with 
coloured bands crosaing 
its prisms; d, cmsta pe* 
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posed of a otmcture called dentme, and this is covered in 
the crown with a cap of enamel, and in the root with ontsla 

54. Dentine has a matrix 
yielding gelatin, and impreg- 
nated with mineral matter in 
slightly greater proportion than 
bone; but, instead of lacnns, 
it contains a moltitade of 
closely set tubes, which radiate 
from the pulp-cavity in aa 
undulating nearly parallel 
course, getting smaller as they 
approach the surface, and giv' 
ing oS* branches. Each tube 
contains an albuminoid fibre, 
which, at least in the young 
state, would appear to be an 
offiihoot from a corpuscle at its 
, inner or pulp-extremity, coisi- 
1 parable with a bone-corpuscle; 
fig' 43. and as the dentine grows from 

without inwards, invading the pulp-cavity, these corpuscles 
travel inwards also. Crossing the substance of the denting 





Fig. 45. — Dehtinb. At a, the section ia parallel to the tabeB; at A, 

it cuts them acrosa; c, grannlm' layer (of Purkinje) resolting from 

the presence of email spaces connected with the eittemities of 

the dentine tubes; d, cnista petroso. 

faint lines may be often seen, called conlour Knes (Owen), which 

consist of chMna of irregular spaces in the matrix, filled with 

less refractive material, and possibly caused by the influence 

of the irregular pressure to which the teeth are subjected. 



Enaniel is an exceeding hard subetance, containing only 
3^ per cent of animal matter, 'while the rest of it constats 
of phosphate of lime and other 
earthy salts It is composed 
of solid vertical columns or 
pnaroB, tlie sides of which 
olMely fit to one another, like 
pillars of basalt, but are by 
no means stnctly parallel, for ^ 
they interlace to a certain "fi/h 
extent They are about ^^nnr ■ ' *' 
inch diameter, and have a 
transverse stnation which is 
particularly distinct in the 
young state The enamel 
prisma are crossed by bands 
of a brownish tmge called 
coloured hnee, which ha\e 
probably a similar ongm to 
the contour lines of the den 
tine, both being most fre- 
quent m old teeth 

Thecmata petrosa or cement 
{fig 45, d,) IS softer than 
dentine, and consists 
matrix, m which 




Fig 46 — Enamel a a, longi- 
tndmal section , b, free outer 
extremities of the prisniB, seen 
m perspective, c, dentine 

a deposit of layers of &olid bone 
) sparsely soatteted la*,un8e, with very 
regular canaliculi commg off from them. In the human 
teeth it 18 confined to the root, but in the complex crowned 
teeth of some animals, for example, the molars of the ox, it 
fills up depressions which dip deeply down into the crown, 
and is there situated superficial to the enamel When such 
a tooth is worn, aa it soon is after coming into use, the dark 
coloured crusta petrosa, filling up the complicated depres- 
sions, is seen surrounded by lines of pure white enamel, on 
the other side of which is the yellow dentine, somewhat 
hollowed out, as is also the crusta petrosa, from being softer 
than enamel. 

6S. Teeth, in their firet development, have a consider- 
able resemblance to hairs ; for both make their first ap- 
pearance, in the embryo, from tegumentaiy depressions 
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filled "witli epithelium, and with a papilla at the bottom; 
and in both the depression becomes temporarily converted 
into a closed sac, which afterwards is burst open by thd 
protrusion of the contained organ. The layer of epithelium 
immediately in contact with the tooth-papilla is converted 
into enamel, the enamel-colunms corresponding with the 
elongated cells of the deepset layer of the cuticle. The 
dentine is formed from the superficial part of the papilla 
itself, while the remainder of that structure constitutes the 
pulp. The development of the tooth proceeds from the 
summit of the crown downwards, the pulp thus becoming 
gradually enclosed. The sacs of the permanent teeth make 
their first appearance from the necks of the sacs of the milk 
set at a very early period, while the latter are still open, and 
subsequently descend to positions beneath the milk teeth, 
which they are destined to replace. 
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Fig. 47. — Development of a temporary and a permanent tooth 
(Goodsir). a, papilla on the floor of the primitive dental groove; 
bf papilla enclosed in a follicle in the bottom of the secondary 
groove, and opercula above the follicle; c, papilla become a pulp, 
and the follicle a sac, by adhesion of the opercular lips, and the 
secondary groove adherent, except behind the inner operculum, 
where it has left a shut cavity of reserve for the permanent 
tooth; d, e, temporary tooth increasing by growth downwards of 
the fang, and the permanent tooth-sac receding from the surface; 
/, temporary tooth appearing on the surface; g, permanent 
tooth-sac much removed from the gum, but connected with it 
by a cord which passes through a foramen behind the temporary 
socket. 

56. The milk teeth are twenty in number, namely, two 
incisors, a canine or eye tooth, and two molars, on each side 
in the upper and the lower jaw. The permanent teeth are 
thirty-two in number, namely : — incisors and canineS; replao* 
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ing the corresponding milk teeth ; premolars or bicuspids, 
replacing the milk-molars; and three true molar teeth on 
each Bide in each jaw, which are not preceded by any 
deciduous or milk t«eth. 




rig, 48. — Temporary and Pbbbianbbt Teeth in the jaws of a 
child six years old. The temporary teeth are all still present, 
and the crowns of the correspoading permanent teeth are formed; 
the first molars have appeared, and behind them are the eecond 
molais with the divisions between the fangs in process of forma- 

The incisor and canine teeth are simple, each having only 
one fang and ono prominence of the crown; the crowns of the 
incisors being chisel-shaped, while those of the canines come 
to a point or cusp. The premolar teeth get the name of bicuspid 
because the crown of esich has two cusps, an inner and an outer; 
their fangs likewise, especially those of the anterior pre- 
molars, have a tendency to divide towards the extremity. 
The molar teeth, both milk-molars and true, have the ex- 
tremity of the crown thrown into several elevations, and are 
said to be mnlbicuspid. Those of the upper jaw have three 
fuigs, two on the outside, and one directed inwards. Those 
of fliB lowpr jaw havo only two fangs, one in front of the 
other, but they are double fangs, that is to say, they are 
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flattened as if composed of two combined^ and have eacli 
two openings at the extremity. 

67. In infancy the teeth begin to cut the gams about the 
seventh month, the central incisors appearing first, and the 
others in order backwards, with the exception that the first 
milk-molar precedes the eye-tooth in front of it. The last 
of this series, the second milk-molars, appear about the end 
of the second year. The next teeth to appear are the first 
true molars, sometimes called the five-year old teeth; then, 
about the seventh year, the milk teeth begin to drop by 
absorption of the fangs, and the permanent teeth to come 
up above the gums in their place. The changing of the teeth 
begins in front, and goes regularly backwards, with the ex- 
ception that, as in the first dentition, the canines are delayed, 
both bicuspids making their appearance before the permanent 
canines come up, about the twelfth year. Soon afterwards, 
the second molars cut the gums, and lastly, at very variable 
periods, often a number of years later, the third molars, or 
wisdom teeth, come to the surface. 

68. Coarse of the Ingesta. — ^The mouth, or Imccal cavUi/, 
as it is technically called to distinguish it from the opening 
of the lips, is walled in by voluntary muscles of the face; 
within the arches of teeth it has the tongue in its floor, and 
its roof formed by the palate, which separates it fr*om the 
nasal cavity, while it communicates behmd with the throat, 
by a constricted part called the fauces. The arch of the 
fauces is limited above by a prolongation backwards of the 
palate, consisting of soft parts unsupported by bone, and 
termed the soft palate or velum palati. This has a free edge 
directed backwards, and prolonged into a pendulous structure 
in the middle, called the uvula, while on each side descend 
from it two prominences, the anterior and posterior pillars 
of the fauces. Between these are placed the glandular-look- 
ing bodies known as the tonsils, structures of obscure func- 
tion, but sometimes troublesome by enlargement, or by 
inflammation and ulceration in sore throat. 

The cavity behind the fauces is called the pharynx. It 
is surrounded behind and on the sides with constrictor 
muscles, while in front it communicates with a number of 
openings. It extends above the soft palate to the base of 
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the skull, and there it has in front of it the posterior nares, 
or ftpertures of the casal cavities, which are continued back 
from the nostWa, separated one from the other by a septum. 
At the sides of the posterior nares aie the Eustachian tubes 
leading hack to the ears. Below the soft palate, in series 
from above downwards, are the arch of the fauces, the 
gloUia, QT opening into the windpipe, and the ceaophague, 
which is the continuation downwards of the phaiynx, but, 
■unlike it, is a complete tube with strong circular and longi- 
tudinal muscular fibres round it. 




Fig. 49.— Buccal Cavity and Pbarthx, vertioalsection. «,tougiie, 

6, nasal or npper division of pharynx, and to the front of it the 

orilice of the Eustadiian tube; c, inferior division of pharynx; 

d, tonsil with the anterior and posterior pillars of the fauces in 

front and behind it; e, orifice of duct of parotid gland; /, t^is 

top of the larynx, with the epiglottis in front of it; g, <EBopha- 

gns; k, section of hard palate; s, of soft palate and uvula. 

Iioosely connected with the skiill by ligament and muscle, 

is a slender U-shaped bone, the hyoid, which can be felt with 

the fii^r at the fold between the neck and the cliin. Sus- 
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pended from this is the larynx, or the upper part of the 
windpipe, modified as the organ of voice, while to its upper 
surface is attached the root of the tongue ; aiid behind it is 
the epiglottia, a plate of reticular cartilage covered with 
mucous membrane, which in the state of rest stands straight 
up in front of the glottis, but in swallowing is folded down 
over that opening, so as to prevent anything entering into 
the air passages. 

69. When solid food is taken into the mouth, the teeth, the 
tongue, the palate, and the muscles of the jaws and cheeks, 
combine to break it down by mastication. The jaws act as 
a double lever of the third order, like a pair of tongs ; the 
powerful muscles which shut them being placed nearer the 
joints than are the ranges of teeth between which the food 
is crushed. In biting with the incisor teeth, the jaws are 
simply brought together ; but in breaking the food up with 
the molar ranges, the lower jaw is slightly rotated from side 
to side, at the same time that it is withdrawn from and ap- 
proached to the upper, and thus the food is rubbed between 
the opposed cusps as well as bruised by them. The tongue 
presses the food out from between it and the palate, and 
throws it on to the teeth on one side or other, thus mixing 
it up and aiding the thorough permeation of the saliva; and 
the muscles of the cheeks catch the portions which are 
crushed outwards by the teeth, and return them inwards. 

The act of swallowing, or deglvMtion, consists of three 
parts, of which the first is voluntary, the second spasmodic, 
and the third involuntary. 

The purely voluntary part consists in pushing the bolus 
back between the tongue and palate till it reaches the fauces. 
As soon as it gets there, the will initiates a process, which, 
when started, proceeds with great rapidity and is finished in 
a moment, without the will being able to delay it. This 
spasmodic stage involves a number of structures. If the 
fbiger be placed on the hyoid bone, it will be found to be 
jerked suddenly upwards and forwards; at the same time 
the back of the tongue, on which the food has been placed, 
is jerked upwards and backwards; and any one who can 
succeed in swallowing with the mouth open in front of a 
looking-glass, will see that the soft palate is made tense, and 
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tliajj the two posterior pillars of the fauces * for a moment 
approach the middle line, so as with the aid of the uvula to 
shut off the nasal part of the pharjiix from the lower por- 
tion. By this means the food is thrown back into the lower 
part of the pharynx, and thereupon, by the contraction of 
the pharyngeal constrictors, it is propelled into the oesophagus, 
and so into the stomach. At the same time that provision 
is made to prevent the food passing up into the nose, the 
windpipe is also effectually protected from the entrance of 
the smallest particla This is accomplished by the upward 
and forward movement of the hyoid bone, by which the 
larynx is brought imder cover of the root of the tongue, 
and that part of the tongue, being also pulled backwards, 
pushes with it the epiglottis, pressing it down over the 
aperture of the air passage, while the contraction of a few 
muscular fibres at the sides of that structure shut it down 
completely like a lid. 

llie propulsion of the food down the oesophagus is of the 
same description as along the intestine. The oesophagus, as 
has been mentioned, is surrounded with circular and longi- 
tudinal fibres; the latter are outermost, as is the typical 
intestinal arrangement; and in both intestine and oesophagus 
what happens is this : — ^the longitudinal fibres contract in 
the part of the tube in which the food is, the circidar fibres 
contract immediately behind and over it, and thus the food 
is forced on, and, as it travels, the wave of contraction travels 
with it. In the intestine, this method of contraction is called 
vermicular or peristaUic movement. 

60. The lower end of the oesophagus, a little to the left of 
the middle line, pierces the diaphragm, as the arched muscular 
partition is called which separates the thoracic from the ab- 
dominal cavity, and it immediately terminates in the stomach. 

The Stomach is a large expansion of the alimentary tube, 
which lies in great part under cover of the lower ribs of the 
left side, but extends across the middle line. It is of curved 
form, its upper suiiajce being short and concave, its lower 
long and convex. At its left end, called also the cardiac 
extremity, it is expanded, and it gradually becomes narrower 

♦ They are the prominences corresponding to the edges of two 
muscles, tlie palato-pharyngeL - 
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as the intestinal 
extremity is ap- 
proached, a little 
to the right of the 
middle Ime. The 
entrance into the 
intestine is called 
the pyhyrus, and is 
guanled by a 
strong band c^ iur> 
cnlar fibres, 'which 
keeps the opening 
usually closed, and 
gives to it the title 
of pyloric valve. 
Observations Tere 
made by watching 
the movements of 
the stem of a ther^ 
mometer, the bulb 
of vhich was intro- 
duced into the 
stomach of a man, 
through a fistulous 
opening which had 
been left in the 
healing of a wound 
made by the acci- 
dental explosion of 
a gun; and it ap- 
peals from them 
that when the 
stomach is acting, 
the contraction of 



Fig. GO. — Draisnvi Trai. a, CB,oplia.sm8 ^^ ^^^ '^^®' 
ending in the stomach ; 6, pylorus ; from 6 contents to 
duodenum; from e to rf, jejunum and moved about 



be 



Ueum with the Una ot attachment o{ the stream passinK from 

dix; /, J. k, sBcenaing, tauuvetw, andde- 1^" **> "8^* along 
sceniUng colon; i, sigmoid flexure; k, rectum, the great curvature 
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of the stomach, and hack along the small cnrvatoie. TVliile 
the stomach iJius keeps its contents in motion, its walls 
rapidly ahsorh superfluous fluid, and at the same time 
pour out the gastric juice. By united mechanical and 
chemical action the food is gradually converted into pulp; 
and the pyloric valve, which, at the commencement of diges- 
tion, is kept quite closed, relaxes sufficiently to allow the 
pulp to pass as rapidly as formed, thus allowing the whole 
action of the stomach to he concentrated on the parts of its 
contents which are not yet hroken down. Gradually, how- 
ever, in the later stages of digestion, the irritahility of the 
pyloric valve hecomes exhausted, and at last even the most 
indigestible solids are allowed to pass. 

61. The stomach is succeeded by the snuUl iniesHne, a tube 
about twenty feet long, and having a breadth of about an 
inch and a half at the commencement, and an inch at its 
termination. For about the first ten inches it is bound down 
in a crescentic form to the back of the abdomen ; and this 
part is termed the duodenum^ and has the bile duct, and the 
duct of a large gland, called the pancreas, opening into it close 
together about its middle. The remainder of the small intes- 
tine is not connected with the abdominal wall, except through 
the medium of the mesentery — a fold of the peritoneum or 
lining membrane of the abdomen, containing within it vessels 
and nerves. The upper third ci this part of the intestine 
gets the name of j^unum (empty), from usually containing 
little but the pulp sent down from the stomach, and here 
termed chynie. But the more fluid portions of the chyme 
get absorbed as it descends, and in the lower two-thirds of 
the small intestine, the ileum, the contents are consequently 
usually more solid. The ileum opens into the large intestine 
in the region of the right groin. 

62. The large intestine is about five or six feet long. It 
begins in a short cul-de-sac, the caecum (caput coecum coli), 
below the entrance of the ileum ; and into the extremity of 
this there opens a small glandular structure, the vermiform 
appefndage, which represents the enormously large intestinum 
caecum found in various animals, such as sheep and rabbits. 
At first the large intestine passes directly upwards to a 
point beneath the Uver, and in this part of its course it is 
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called the ascending colon; it then passes across beneath the 
stomach to the left side as the tranmerie colon, and rans 
down to the region of the lefb groin tinder ihe name of 
descending colon; there it makes a loose bend, termed the 
sigmoid flexure, and passes into the pelvis, where it is called 
the rectum, or lower bowel. 

At the entrance of the small intestine into the great, there 
is an arrangement, called 
the ileo-eoUe valve, to pre- 
vent matters which have 
once passed into the great 
intestine r^;urgitating into 
the ileum. It consists of 
two redundant folds of the 
mucous membrane at the 
opening projecting like an 
upper and a lower lip int« 
the colon, while &om the 
angles of their junction 
prominences of mucous 
membrane, the frsna, pass 
round so as partially to 
encircle the great intestine. 
When the great intestine 
is distended, the friena are 
pulled tight, and the lips 
of the valve brought into 
Fig. SI,— Ileo-couo Valve, a, out ^""^ contact, the dbteuding 
end ot the ileum ; S, cut end of matters pressing their sur- 
thB colon; c caput ciecura coh; rf, faces together. Thus, while 
If'^oVS^yT^^'^^'- '■ ^*'""" ^P tl'*" ^ ^o obstacle to the 
passage of matters from 
the ileum into the crecum, regurgitation backwards ia 
effectually prevented, and the more distended the ciecum the 
firmer is the cloaui'c of the valve. The efficiency of the valve 
is independent of muscular action, and can be exhibited 
perfectly on the dead subject. 

63. As might be expected from the existence of the ileo- 
^colic valve, the contents of the intestine on entering the colon 
■■Bder^o considerable change ; here they begin to acquire a 
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foecal odour; yet additional matters continue to be absorbed 
from them in their passage onwards. In the colon both the 
longitudinal and circular muscidar fibres of the walls are 
collected into bundles ; the longitudinal fibres forming three 
bands, and the circular dividing the intermediate spaces into 
shallow recesses; and thus, although the total diameter of 
this part of the intestine may exceed two inches, its contents 
are brought well into contact with its walls as they lie in 
these recesses ; and as they are pressed onwards fi'om one 
recess to another, difierent portions are brought to the sur- 
face. The rectum, or lower bowel, has the muscular fibres 
regularly disposed around, except near the outlet, where the 
circular fibres form a strong sphincter, or habitually con- 
tracted ring of muscle, on which the power of retention is 
principally dependent, although it is assisted by striped 
muscles when the pressure on it is great. 

64. The form of digestive tube, which has been briefly 
described, is that which is found in the himian subject, but 
there is great variety in different animals. In certain fishes, 
the pipe fishes and others, the tube is straight, but in most 
of them it is convoluted; and in all it is wide from the 
throat to the pylorus, then constricted, and again widened 
towards the termination; this latter enlargement being 
evidently the representative of the large intestine. A valve 
even exists at the entrance into the large intestine in many 
fishes. Thus it will be seen that already in the lowest divi- 
sion of vertebrate animals, the digestive tube is divisible into 
three great parts. In mammals neither the part above the 
pylorus nor that below the ileo-colic valve has a uniform 
breadth ; the stomach is separated from the pharynx by a 
narrow oesophagus; and the caecum is in some instances 
greatly larger than the rest of the great intestine. The 
stomach and caecum are the parts which undergo the most 
remarkable complications. The human stomach is an instance 
of the simplest and typical form of the organ in mammals; 
but in various animals belonging to widely separate orders, 
remarkable complications exist, e.g., in the camel, the kan- 
garoo, the cetacea, the peccary, and certain monkeys. 

Probably the arrangement most interesting to the general 
Ifes^er is tii^ ordinary ruminant stomachy which u djvide4 
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into four compartments. When the ruminant is feeding, 
the food passes into a large compartment, the paunch, 
which is the cardiac extremity of the stomach, elongated and 
folded on itself in foetal life, and subsequently much expanded. 
When the animal lies down to ruminate, the contents of the 
paunch are propelled in successive portions into a small com- 
partment called the reticulum, from the honey-combed appear- 
ance of its walls, and placed to the front below the oesophagus, 
and by it are returned to the mouth in separate pellets. 
After being a second time xnasticated, the food is again 
swallowed, and being prevented by the closure of a ring of 

muscular fibres from re-entering 

the first two compartments, it 

falls into the third, the onuisumy 

which lies behind the second, 

and is of similar size, but has 

its mucous membrane thrown 

into numerous broad folds 

which separate up the bolus, 

and aUow it to paas in portions 

Fig. 62.-— Rtjminant Stomach, gradually into the fourth com- 

diagrammatic view. partment or ahomasum, which 

is the pyloric end of the stomach, and the only part furnished 

with a highly vascular and glandular mucous membrane. 

The ccecum may acquire a great development even in 
animals in which the stomach is simple. This is the case 
in the rabbit and in the horse, in both which it has great 
width and length. Generally, the alimentary tube is much 
more elongated and complex in vegetable-feeders than in 
camivora. 

65. Digestive Fluids. — ^The first substance added to the 
food is the saliva, which is furnished by three pairs of 
compound sacculated or lobulated glands — ^the parotid, the 
submaxillary, and the . sublingual. The parotid gland is 
the largest, and is named from its nearness to the ear, lying 
as it does in the hollow between the ear and the lower 
jaw. It turns over the hinder border of the jaw; and 
from this part of it issues a duct — ^the duct of Stenson — ^large 
enough to admit a crow-quill, and opening into the mouth 
through the cheek, opposite the second molar tooth of the 
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upper jaw. Ite submaxillary gland, about do size of a, 
large prime, lies beneath the lower jaw, and its duct^the 
dnct of Wharton — opiens under the tongue. The termination 
of thifl duct, along with its fellow, may be seen in a looking- 
glaaa, making a little swelling on the lower part of the 
fnemim or bridle of the tongue. At the same time will be 
seen on each side of the frienam, between the tongue and 
the jaw, an eleva- 
tion about the size 
of an almond, with 
the outlines of the 
sublingual gland 
seen tiirough the 
mncoas membrane 
It has several 
ducts, some of 
which open separ 
ately, while others 
fall into Wharton's 
duct Besides these 
large glands, there 
are numerous othera 
of small size which 
open into the 
mouth, particularly 
the buccal glands. Fig. 63. — Salivabt Giands. a, parotid; h, 
a series of struc- sntmaxillary; c, Hublingua]. 

tures the size of lentils, scattered under the mucous 
membrane of the lips and cheeks, and a smaller set of glands 
near the tip of the tongue; but they are engaged in the 
secretion of a mucus which has little or nothing to do with 
digestion. The saliva has a slightly alkaline reaction, and 
its most important ingredient, besides water, is a nitrogenoua 
substance called ptyalin which ha^ in a very high degree the 
property of converting starch into grape-sugar, provided that 
the solution be alkaline. So powerful is this action, that a 
notable amount of the starch taken into the mouth as food 
ia converted into dextrin or sugar before being swallowed ; 
and when the food is of a tenacious consistence, masticated 
and taken in quantity, a large part of it may escape for a 
14 « 
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time the contact <^ the acid gastric jnicey and have a much 
larger qxiantitj of its stardi acted on in the stomach. The 
conTeraion of starch into sugar, however, is neither the only 
nor even the principal use of the saliva, as is proved, first, 
from the salivary glands being well developed in carnivorous 
animals, which, in the natural state, use no starch in their 
food; and, secondly, from the amount of saliva mixed with 
the food bearing a direct proportion to its dryness — a circum- 
stance which shows that it is important as a moistener. 

66. In the stomach the food causes a flow oi gcutric juice, 
an acid secretion with a peculiar nitrogenous principle, called 
pep&in. Yarious acids may be developed among the contents 
of the stomach, the most important of which are lactic, 
acetic, and butyric ; but these are generated accidentally la 
the processes of change, and it has been shown by investiga- 
tions, both on the lower auimals and on man, that free 
hydrochloric acid is that which is secreted by the glands of 
the stomach. The use of the acid, however, appears to be 
to aid the pepsin ; the peculiar properties of that substance 
being exhibited in none but add solutions : and for this 
purpose any acid suffices. Pepsin is obtainable from the 
mucous membrane of the stomach of animals by the action 
of water. It is the active principle in the rennet used in 
manufacturing cheese; rennet being a preparation of the 
mucous membrane of a calf's stomach, used on account of the 
property, which pepsin possesses, of curdling casein. In an 
acid solution, at a temperature of about lOO^F., pepsin dis- 
solves coagulated albumen, and renders it incapable of being 
coagulated again by heat. It acts in like manner on nearly 
all albuminoids, and the substances into which it converts 
them are called pepUmes; but the chemical nature of these 
is not thoroughly imderstood. It likewise dissolves gelatin 
and gelatiniferous tissue, converting them into a solution 
which does not jeUy on cooling ; but it has no action on 
either oil or starch. The gastric juice therefore digests none 
but nitrogenous substances. 

67. The mucous membrane of the stomach, by which the 
gastric juice is secreted, is thick, soft, and smooth. Looked 
at imder the microscope, the surface is seen to be thrown 
into shallow pits, into each of which o|)en several gms^U 
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glands; and in sections Tertical to the surface the mucous 
membrane is shown to consist in greater part of tubular 
glands, sometiines branched, called the gcalric follidea, which 
may reach ^ inch in length, and are crowded together. 
Thej ore all lined with columnar epithelium down to the 
bottom, and the epithelial cells have been seen to undergo 
a change of appearance 
in dig^tiou, when the 
gastric juice is secreted ; 
but the majority of the 
follicles likewise contain 
nombers of large oval 
and more easily dis- 
covered cells nndemeath 
the columnar epithelium, 
stmctures of uncertain 
fimction, which, from 
having been supposed to 
be the agents in secret- 
ing pepsin, have been Fig- 54— Gastkic Folucles. A, Ver- 
named peptic cells tical section of macous membrane 

The glands in Which fr«n tte nuddle of the human rtom- 
6>™"n "I niuvu jj^ g^ ^ more highly magnified 
these cells occur are view of portion of a gastric follicle 
caJIed peptic glaiids, of a dog, showing both peptic and 
while the others are colnmnar cells. From Heidcnhain. 

termed mucous. In some animals, for example the dog, 
certain regions of the stomach contain none but peptic 
gl^ids, while the pyloric region has none but mucous glands; 
and this circumstance has been taken advantage of to deter- 
mine the character of the secretion furnished by the two 
kinds of glands. But while one observer (Ebstein) gives a 
most careful and convincing account of experiments to prove 
that both kinds secrete pepsin, numerous othei's come to a 
different conclusion ; and it may be considered as still un- 
decided whether the peptic or the columnar cells ait; the 
agents by which pepsin iq really secreted. 

68. Immediately beyond the pyloric valve, on entering the 
intestine, the mucous membrane changes its character. Not 
only is it firmer and thinner, but it is covered over with 
Oiinnte thread-like projections like velvet pOe, named villi, 
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best bronght into view by laying the opened intestine in 
-water, so as to make them float They are as much as half 
a line long in tUe duodenum, and extremely crowded, but 
gradually get shorter and fewer in the lower parts of the 
small intestine, until, 
near the termination of 
the ileum, they degene- 
rate into scatt^^ wart- 
like eminences. The villi 
ore confined entirely to 
the small intestine, and 
are a means of increas- 
ing the extent of mucous 
m.embrane for the pur- 
pose of absorption; each 
villus being dipped like 
a finger in the chyme, 
and sucking up the di- 
Talvot^ Comnivbntbs, gested parts of it by 
o£ jejunmu eveiy portion of its sur- 
.4. 1 face. The absorbent 

fiirther increased by 

They ara 




fig. 55. 

exhibited 

cut open. Two-thirda natam 
surEioe of the small intestine 
crescentic folds of the mucous m.embrane 
half round it, and dipping into the interior. 
called valvukE eonnivmtes, and, like the villi, 
numerous and well developed in the duodenum and 
jejunum. 

The thickness of the mucous membrane of the small intes- 
tme is occupied, like that of the stomach, with closely set 
tubules, only they are much smaller than those of the 
stomach, contain no other than columnar epithelium, and 
are quite simple ; these are called the /ollidea or crypts of 
Lieberkiikn. The duodenum has likewise three other secre- 
tions poured into it, namely, the bile, the pancreatic juice, 
and the secretion of a number of minute glands of a loba- 
lated description, scattered beneath its mucous membrane, 
fln.d called BrUnner'a gla/nda. 

69. The pancreas is a large lobulated gland, about eight 
inches long and one inch and a half broad, not unlike the 
salivary glands In appearance, and sometimes called by 
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tlie Germana the ttbdominal ealivaiy gland its secretion, 
however is much more important, ^e pancreatic jmce 
which IS a T180 d alkaline fluid contauung an albununoid 
principle has a most powerful 
action in converting starch into . 



sngar, and has the advantage over ^ V 

) \ 



M^, 




saliva, that this act on is not pre- 
vented hy the presence of ac d It 
has also the property at the tem 
perature of the body of making a 
very complete emnls on, or milky 
fluid, with oils that is to say t 
resolves tliem into exceedingly mm 
ote globules which remain separate 
&om one another and these find 
their way through tl e walls of the 
villi into the absorbent vessels In 
rabbits the duct of the pancreas 
opens into the intestine considerably 
lower than the bile duct and in 
them, as Bernard has observed 
l&ere are no oil globules in the ab- 
sorbent vessels above the level of 
the pancreatic duct which shows 
that the bde is incapable of digest- 
ing fats without the pancreatic juice 
This fluid has likewise been shown 
to have a solvent action on albumi- 
noids outside the body; and it is 
possible, as baa been suggested by one observer (Flint) 
that muscular fibre, disintegrated by the gastric juice, is 
afterwards completely dissolved by means of the pancreatic. 
It appears, then, that the pancreatic juice is the principal 
means of digesting starch and oil, and that it is likewise 
useful in digesting albuminoids. 

70. The action of the fluid secreted by the Lieberktthnian 
follicles (mama irUetUnalis), has been examined by gathering 
it from the intestines of animals experimented on, and by 
other means. Lite the pancreatic juice, it is an alkaline 
fluid which acts on starch, oil, and albuminoid matters; but 
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^llll b l^ebe 
kuhnian foil cles e 
Bnlnner's gland in Uic 
BubmncooB tifsne ; d, 
muscular walls. 
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ita action la 'weak compared with tluit of the gastrio and 
pancreatic juicea. 




Fig. 57. — DtroBENTTM, Pancrbas, Lrvm, ahb Spleem. "" o, Buo- 
denom ; b, pancreas, with the pancreatic dnct laid bare ; e, d, 
right and left lobes of the liver, seen from below ; e, oblibsratcd 
nmbilical Tain;/, gall bladder, opening ioto the cystic duct 
which joins with the hepatic duct, to form the ductus communJa 
choledochus ; g, spleen. 
71. In considering the use of the bile ia the intestine, it ia 
necessary to note that the liver, ns will be shown in another 
pla«e, is not a mere preparer of a digestive fluid, and that 
bOe seems rather to be formed in connection with a blood- 
purifying process in the liver, than as an aid to digestion. 
The bile is, however, undoubtedly of great service in the 
absorption of oils. In dogs in wliich the gall ducts have 
been shut off from the intestine, and the bile allowed to 
escape by an external opening, the operation ia followed by 
greatly impaired power of absorbing oila. Indeed, bUe is 
the atrongest soap known, os-gall being on that account used 
by painters to wash away oil paint; and it seems probable 
that, by lubricating the villi, the bile assists the minute 
globules in the emulsion formed by the pancreatic juice to 
permeate the mucous membrane. Bile is likewise an anti- 
septic, and prevents the putrefaction in the contents of the 
intestine, which alwaya takes place when its flow is pro- 
Tent«d. But, in addition to all this, it is to be oltserved 
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tbat, in health, tlie essential constituents of the bile are not 
to be found in the Sxcea, only the colouring matter is left; 
also, dogs from which the bile is abstracted b^ a fistulous 
opening, are remarkably ravenous. These facts seem to 
point oat that the bile, ■which acts as a narcotic poison when 
introduced unchanged into the blood, is decomposed in the 
intestine, and gives rise to innocuous products, which are re- 
absorbed to nourish the body. The seat of this decomposi- 
tion appears to be the great intestine ; for there the bile dis- 
ftppears, and various substances are found which are obviously 
derived from ite constituents. Of these, two are crystalline, 
viz., ejxretin, a carbonaceous substance containing sulphur 
(Marcet), and stercorin, a body derived from cholesterin 
(Flint). 

72. The great intestine has a smooth mucous membrane, 
■with tubular follicles lihe those of the small intestine, but 
apparently having a different secretion. The details of the 
processes which take place in this part of the alimentary 
tube are but little understood. The bulk of the ffeces 
consists of matters which have resisted all digestive pro- 
cesses, and always contains starch grains, muscular fibre, and 
vej!;etable tissues, when these substances have formed part of 
the diet. 




78. Before leaving the consideration of the Momentary tube, 
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a Bet of Btraetnres 
of it, mB,Y be montioned, na: 
are bodies the size of email 
mucous memhrane, and 
loops of capillary blood- 
turea, grouped round ro 
the fauces, constitute the 
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patches are interesting as 
typhoid fever, and subject t 



fimction, fonnd in every part 
aely, the eloted follicles. These 
millet grains, imbedded in the 
itaining corpuscular matter and 
■ 1. A number of such struc- 
of the mucous membrane of 
tonsils (p. 88) ; they are also 
numerously scattered in the 
pharynx, and are called lenti- 
eular glands in the stomach. 
lu the ileum they are gathered 
in elongated and rounded 
groups about half an inch 
broad, called Peya'a patehee, 
or agminaled glands; and in 
the great intestine they are 
very plentifuUy scattered all 
over, and called solitary glands. 
In recent years they have been 
very generally supposed to be 
connected with the absorbent 
system; but there is no aufS' 
cient proof that their function 
is not secretory, aJtliough their 
structure differs from that of 
secreting glands. Peyer's 

being the seat of a deposit in 
> ulceration in that disease. 



CHAPTER VIIT. 
THE BLOOD. 

74. Having traced the process of digestion, it would be 
natural to pursue the history of the new supplies of nourish- 
ment after their entrance into the economy from the alimentary 
tube. It will be found, however, to be more convenient, if, 
instead of adhering strictly to the course taken by these 
supplies, we first consider the blood, and afterwards the 
streams which faU into it, and its mode of elaboration. 

On account of the extreme facility with which substances 
pass outwards and inwards between the minutest vessels 
and the tissues, and the impossibility of completely emptying 
the vascular system, even in the bodies of animals, it is 
exceedingly difficult to estimate the amount of the blood. 
In one observation, in which the blood was carefully washed 
from the bodies of two executed criminals, and the calcula- 
tion based on the amount of solid matter obtained, the 
weight of blood was estimated as one-eighth of that of the 
body (Weber and Lehmann). According to other calcula- 
tions founded on observations on animals, and made by 
mixing a portion of blood with a known amount of water, 
then washing out the vessels, and reducing the wasliings to 
the same tint as the standard solution, it was computeil at 
about one-thirteenth of the weight of the body, or twelve 
pounds in a person eleven stones weight (Welcker). 

75. When blood flows from a woimd it speedily coagulates 
or nins into a clot. This depends on the presence of a 
spontaneously coagulable albuminoid substance, called fibrin, 
which, being diffused through the blood, entangles the other 
constituents in its meshes. But if the blood be allowed to 
remain in a vessel, the coagulum contracts, and expels from 
it the serurrij a straw-coloured fluid which may be more or 
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less tingal with red. If, while the blood ia flowing, in bleed- 
ing from the arm, the physician whips or rapidly stirs it with 
& bmich of am&ll rods, as sometiineB used to be done, the fibria 
will adhere in tough coagulated masses to the rods, and the 
remainder of the blood will remain fluid. This defibrinated 
blood, after a while, will separate into clear serum above, and 
a dark dense portion below. An examination of blood under 
the microscope shows it to consist of a clear fluid with a 
multitude of coloured corpuscles floating in it; and the 
separation of the defibrinated blood into two parta, is the 
result of these corpuscles falling to the bottom of the liquid 
scrum. If blood be taken from a person in certain exceptional 
conditions, or If it be taken from a horse, instead of the 
-, whole mass becoming converted 

,-. ImI o into one tmiform clot, the blood- 

*y) ^ (^ '^© f •corpuscles will subside consider- 

©'^,,,i., -^ "ably before coagulation sets in, 
— mvi^^-J-^ and then there w2l bein the upper 

"' "''^ ' • part of aha vessel a strawnxiloured 
coagulum forming a transparent 
jelly. That is a state of matters 
which formerly medical practition- 
ers considered as a certsm sign of 
inflammation, and described by 
saying that the blood was buffed. 
— HtTHAirBLOonCoR- The clear coagulum in contracting 
. ..^jta. a, a. Bed cor- becomes loosened from the edge 

puBclei of BmiJIer size, tudi upper surface, while «t pure senun 
M are now and then seen is pressed out at the sides and 
MoeptionaUjr; c, c, red cor- into the concavity above; and this 
puscleaeeenmprofile-sinRle .■ u j.-,.' j i. 

ind m row.; d, ^rol^d *^« "^^ practitioners expressed by 
coipii8de« ahriveUed by Baying that the blood was cupped. 
partial evaporation of the These observations furnish a 
«erum; e, a ted corpuaclo rough },ut instructive analyas of 
-rf water^V/f wHte 'r "o^i. Three constituents Lre ex- 
puaeleg; g, one which has hibited, the corpuscles, the serum, 
nndergone amceboid change and the fibrin. The serum and 
offonn. .„ , fibrin together constitute the Kg~wor 

taru/uimt, or blood plasma. The blood may thus be separ- 
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ateil mto liqaor sanguinis and corpuscles, or into defibrin- 
ated blood and fibrin, or, lastly, into eenim and a coloured 
clot consisting of the fibrin with the corpuscles entangled in iL 

76. When blood is examined microscopicallj it la seen to 
contun two kinds of corpuscles, the coloured kind already 
alluded to, and a leas numerous set of 'whit« corpuscles. 

The coloured or red corpuscles are, properly speaking, deep 
orange, as may be seen by streaking blood on a white sur- 
face. They are disc-shaped bodies, about ^^q^ inch diameter 
in man, circular, and fiat or somewhat _ 

concave on each side. They are clear, 
and in mammals are destituteof nucleus; 
but this is a mammalian peculianty, 
for in all other vertebrate animals they 
have a nucleus and are oval. In the 
camel tribe they ave likewise oval, but 
are destitute of nucleus as in other 
I Hiaminala , In difierent vertebrate ani- 
mals the red corpuscles differ greatly 
in size, as indeed do other textiiral ele- 
ments. Their size is dependent more Fig. 61. — Blood Cob- 
on the affinities of the animal than on pnscLEsorFEoo.viz., 
itabulk. In ruminants generally they ^e^j^^Mlri^^ 
are small; and in the smallest ruminant, in proae, and' one 
the musk deer, their diameter ia only white corpoacle. 
igig .^ of an inch. In birds they are smaller than in reptilea; 
and those of greatest size ai'e found in the amphibia, the 
largest known being 'Uioae of the proteua, which are j^ of an 
inch in length. 

Bed corpuscles contain a firm framework or stroma, 
besides their coloured contents; but it is difficult to believe 
that they have any envelope, when one sees the great power 
of elongation which they have in threading their way through 
narrow passages, and the changes of shape which they under- 
go in various circumstances outside the body, without ex- 
posure of a membrane. They may often be seen to become 
indented round the edges; and ^e processes between tha 
indentations may grow to a length which seems inconsistent 
with the supposition that they are firmer toward the surfaco 
than within. 
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In blood which has a tendency to " buff," the red corpuscles 
are seen under the microscope to arrange themselves in 
columns like rows of coin, their cohesive attraction one to 
another being increased, or that between them and the 
liquor sanguinis being diminished. The main fimction of the 
red corpuscles is, as we shall find, to carry oxygen. 

77. The white or colourless corpuscles, also termed leucocytes, 
are spherical in form, larger than the red, being, in man, about 
aq'qq inch in diameter, or more than that. They have a 
turbid or mottled appearance, which, on addition of water, 
disappears and discovers a nucleus. When coagulation is 
retarded, and the red corpuscles sink, the white corpuscles 
rise gradually to the top, showing that they are lighter than 
the fluid part of the blood, while the red corpuscles are 
heavier. Watching them as they circulate in the capillary 
vessels of the web of a frog's foot, one may see that the white 
corpuscles often show a tendency to adhere to the wall of 
the vessel, while the red corpuscles keep in a stream in the 
centre of it; and it has been proved by repeated observation 
that white corpuscles are capable of making their way through 
the capillary wall, which comes together again behind them 
without apparent breach of continuity, while they pass on 
into the tissue. It would appear that red corpuscles some- 
times pass out in the same way; but the white have a much 
greater tendency to escape, and after they have done so, no 
line can be drawn between them and the other amoeboid 
bodies, that is to say, the connective-tissue-corpuscles, for the 
white corpuscles have amoeboid properties. Moreover, pus, 
the matter thrown out in suppuration, consists of a fluid rich 
in coi*puscles, which cannot be separated by any line of dis- 
tinction from white corpuscles ; and it is not yet settled to 
what extent these consist of transuded white corpuscles, or 
how far they are derived from processes of multiplication 
among the connective-tissue-corpuscles. But whatever may 
be the occasional functions of the white corpuscles exercised 
by escaping into the tissues, they seem to have a much more 
important purpose within the circulation, for it is probable 
that the red corpuscles are formed from them by disappear- 
ance of the nucleus and alteration of their contents. 

We shall find that the white corpuscles take origin in tho 
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spleen and in the lymphatic glands; they appear in gi*eat 
numbers immediately after eating, and quickly disappear 
again. Thus, a German observer (Hirt) computed the pro- 
portion of white to red corpuscles in his own blood, and 
found that before breakfast it was 1 in 1800, an hour after- 
wards 1 in 700, and between eleven and twelve o'clock 1 in 
1500. He took dinner at one o'clock, after which the pro- 
portion was 1 in 400, while two hours afterwards it sunk to 
1 in 1475. After an eight o'clock supper it was 1 in 550, 
and at eleven o'clock 1 in 1200. 

78. Turning now to the chemical composition of the blood, 
we find that the liquor sanguinis is essentially an albuminoid 
solution. It is slightly alkaline, and contains about 97 parts 
of solid matter in every thousand. Of these only four parts 
consist of fibrin ; while the albumen, which is the principal 
constituent of the serum, forms nearly 79 parts ; the mineral 
matters constitute more than 8 parts ; urea, kreatin, and 
other matters soluble in water, usually grouped together 
under the name of extractive, make up about 4, and the fats 
less than 2 parts in the thousand. 

The blood is, in health, very uniform in its composition, 
and it will naturally occur to ask how the uniformity is 
maintained, seeing that the additions made to it must vary 
much with the character of the diet. It may also be asked 
how it happens that the blood, which nourishes the whole 
body, has so little resemblance to the total composition of the 
body. Both these questions admit of one answer, namely, 
that the amount of any substance in the blood at one time 
depends not only on the quantity which enters the ciixiulation, 
but on the length of time that it remains there. Thus, there 
is very little fatty matter in the blood, although quantities 
enter with the supplies of nourishment from the food, and at 
least one substance, roughly classed under this head, choles- 
terine, is returned from the brain ; and there is only a veiy 
minute quantity of tirea in the blood, although there is 
reason to believe that a considerable amount of what is 
eliminated by the kidneys pre-exists in it : but the explana- 
tion is simply that none of these substances are allowed to 
accumulate in the blood, that they aie removed fiom it as 
speedily as they enter it. 
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79. The small amount of fibrin in the liquor sanguinis, com- 
pared with the quantity of albumen, will attract the student's 
attention. The proportion of fibrin present vanes in differ- 
ent parts of the circulation, and it is not easy to determine 
the measure of its variation ; but there is one circumstance 
which makes it seem probable that the fibrin is not used for 
the manufacture of tissue, but is a product resulting from 
the changes effected in the blood by circulating among the 
tissues ; and that is, that the blood emerging from the liver, 
after being subjected to the action of that organ, is no longer 
spontaneously coagulable, and only yields a small amount of 
fibrin after violent whipping with rods (B^clard). 

The fibrin remains fluid while the blood circulates in the 
body, yet it coagulates almost immediately when withdrawn 
from its vessels, and stiU more speedily when stirred than 
when kept at rest, unless it be kept fluid by reducing the 
temperature to the freezing point, or by addition of certain 
foreign matters. This fluidity of the blood within the vessels, 
and coagulation when removed from them, has long been a 
puzzle to physiologists, and is not even yet fully explained. 
But there is one point which is certain, namely, that coagula- 
tion is the result of the mixing together of two different sub- 
stances, both of them albuminoids, and only one of them 
present in the liquor sanguinis, while the other, which is 
required in comparatively very small quantity, is contained 
in the red corpuscles. The fibrinous element of the liquor 
sanguinis is, on this account, sometimes termed fibrinogen^ 
while the element furnished by the corpuscles, known as 
paraglohuliny gets also the title of Jlbrinoplastin, or is said 
to exercise a fibrinoplastic action. The necessity for the 
mixing of two elements before coagulation can take place 
may be illustrated by tying a large vein of an ox at two 
places, and removing the included portion filled with blood. 
If this portion of vein be hung up, the contained blood will 
remain fluid, but the corpuscles will fall to the bottom. If, 
after that, the vein be opened, so as to allow the pure liquor 
sanguinis to run out, it will be found that the liquid so 
obtained will continue fluid for any length of time in any 
vessel, and however much it may be stirred; but when a few 
red blood corpuscles are ^lixed with it^ it coagulates at once. 
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This experiment also illustrates another point, namely, 
that "while contact with foreign bodies causes the red cor- 
puscles to part with their paraglobulin, the wall of a blood- 
vessel has no such effect. The blood will remain fluid for 
days in the veins of a sheep's trotter got from the butcher, 
and yet will coagulate immediately when the veins are ripped 
open with scissors (Lister). We do not know the explanation 
of this, and we do not know to what the formation of fibrinogen 
from albumen in the liquor sanguinis is due ; but what has 
been said is sufficient to show that coagulation is not a vital 
process, as was once supposed, but is a change of a chemical 
description. 

80. The red corpuscles consist of a firm stroma with a sub- 
stance in solution, which is partly composed of the para- 
globulin already mentioned, but principally of a coloiu*ed 
substance, hcemoglobin, which is an albimiinoid with the 
property of being crystallizable, the form of crystal varying 
in different animals. The colouring matter can be entirely 
separated from the albimiinoid, but not without chemical 
change, the product obtained being termed insoluble hcematiny 
a substance I'emarkably distinguished by yielding more than 
12 per cent, pure oxide of iron when burned. Iron is known 
in medicine as a most powerful tonic in debility caused by 
impoverishment or loss of blood, and this is in some measure 
explained by the consideration that for the production of 
blood, it is an essential ingredient. 

Haemoglobin is principally remarkable as the substance 
which gives to the blood its power of absorbing oxygen. 

81. Blood contains in its composition an amount of gas, 
which, when liberated, is nearly equal to half the volume of 
liquid from whidi it has been set free. This gas can be ex- 
tracted by means of the air pump, part of it easily, and the 
rest with the aid of warmth. It contains a small quantity of 
nitrogen, probably introduced in the lungs from the ex- 
ternal air, in accordance with ordinary physical laws, and 
not of any physiological importance. But the great bulk 
of the gas consists of carbonic acid and oxygen, which vary 
in their proportion in different parts of the circulation ; the 
carbonic acid being, however, always in much larger volurae 
than the oxygen. 
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It has already been pointed out that throughout the body 
chemical changes are constantly taking place, in which oxygen 
combines with organic matters, and that carbonic acid is 
among the products. This oxygen is introduced in respiration, 
and is carried by the blood in the arteries to the textures ; 
while the blood which returns thence by the veins carries 
with it, back to the lungs, the carbonic acid resulting from 
the processes of oxidation which have taken place through- 
out the body. The blood going to the textures, or what is 
ordinarily known a^ arterial blood, has therefore more oxygen 
in it than that which returns by the veins, and the venous 
blood has more carbonic acid than the arterial. There is, 
however, a considerable amount of oxygen left in venous 
blood, except when the animal is killed by asphyxia, that 
is to say, stoppage of respiration ; and the amount of car- 
bonic acid given off by the lungs, is only a small proportion 
of the total amount contained in the blood. 

82. The difference in the gaseous contents of the blood going 
to the textures, and that which returns from them, is accom- 
panied with a great difference of colour. When blood is 
allowed to flow from a vein, it comes in a stream as dark as 
claret, while the blood which comes from a superficial cut is 
much lighter, and what spouts from a wounded artery is of 
a bright scarlet. The dark blood from a vein, when spilt on 
the ground, becomes bright in a few minutes, exposure to 
the oxygen of the air sufficing to enable it to part with car- 
bonic acid, and take up oxygen ; and scarlet blood exposed 
to carbonic acid becomes dark. If a test tube be filled to 
about a fourth from the top with defibrinated blood, such as 
can be obtained by breaking down clot, and be shaken up a 
few times so as to enable the air to mi^ with it, it will 
become bright scarlet, and when allowed to stand for some 
time it will get dark again ; when shaken a second time, it 
will again grow bright; and this experiment may be repeated 
on the same specimen of blood day after day. The same 
changes may be exhibited with a solution of the colouiing 
matter of the red corpuscles; for the corpuscles are destroyed 
by addition of water, and their fluid contents are set loose, 
and this solution altera its colour on exposure to oxygen and 
carbonic acid alternately. 
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It appears, therefore, in the first place, that the difference 
in colour of dark and scarlet blood depends, at least partly, 
on a chemical change in the coloured contents of the cor- 
puscles; and this agi*ees with the results of spectral analysis, 
by which it is proved that the colouring matter, or cruorin 
as it is sometimes called, if arterial blood, is a different 
chemical substance from that of venous blood (Stokes). 
In the second place, it appears that the haemoglobin is 
the oxygen-carrier in the. blood. Indeed, it is proved by 
direct experiment that serum has little more power of ab- 
sorbing oxygen than water has. Wijh regard to the carbonic 
acid of the blood, although no doubt a large portion of it is 
known to be contained in the serum, it seems probable, from 
the effect of that gas on the colouring matter, that the por- 
tion which is removed in respiration belongs to the cor- 
puscles. 

83. Before leaving this subject, it may be well to notice an 
exception to the general rule, that blood returning from the 
textures is dark — not only is that sent to the heart from the 
lungs scarlet, but the b W returning from certain glands in 
action is of the same tint. Thus, in experiments on dogs it 
has been found, that while the blood in the veins coming 
from the sub-maxillary gland is dark when the gland is at 
rest, if the nerve (chorda tympani) which supplies the secreting 
structure be excited, and the gland thus irritated to secrete 
saliva, a much larger quantity of blood passes through the 
gland, and it escapes irom it scarlet. The blood returning from 
the kidneys is also scarlet as long as urine is secreted, but 
is dark when, from any cause, the secretion ceases. In both 
these instances, it will be observed, that an enormously larger 
amount of blood j^asses through the organ than is required 
for the nourishment of its textures. In the same way, if 
the blood-vessels of a rabbit's head are paralysed by dividing 
the S3rmpathetic nerve in the neck, in consequence of the 
great increase of blood allowed into the part, a portion re- 
turns unaltered, and the blood is found red in the jugular 

vein. 

14 n 



CHAPTER IX, 
CIRCULATION. 

84. We liave already had occasion to mention that the 
blood circulates through the body in a system of close vessels. 
It is propelled by the heart through the arteries to a fine 
capillary network, whence it returns to the heart again by 
the veins. 

The blood which has circulated in the tissues requires to be 
aerated to reconvert it from the dark to the scarlet condition, 
before it can be allowed to go to the tissues again; and this 
is managed in difierent ways in different animals. In fishes, 
the blood returning from the system is propelled by the heart 
into the gills, and from them right on into the system again; 
passing through two sets of capillaries, one in the gills 
and the other in the system, before it returns to the heart. 
In amphibians, for example in the frog, and in reptiles, with 
the exception of the crocodiles, the blood is propelled from 
the heart partly into the respiratory organs, and partly into 
the system, and returns from both these destinations to be 
mixed in the heart; and* this mixture of scarleb and dark 
blood is what circulates again both in the system and respira- 
tory organs. In crocodiles, none but dark blood is sent to 
the lungs; but there is a communication* by which part of 
the dark blood may be carried back into the system along 
with the scarlet stream. In warm-blooded animals, namely, 
birds and mammals, the whole of the blood returning from 
the system is sent from the heart to the lungs, and the whole 
of the blood returned from the lungs is sent into the system. 

In fishes, the heart consists of one receiving chamber or 
auricle, and one propulsive chamber or ventricle. In the 
frog and the turtle, it has two auricles, one receiving dark 
blood from the body, and the other red blood from the lungs, 
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and these diacharge their contents mto one common ventiicle, 
which propels the mixture partly into the lunga, and partly 
through tie body, lo warm-blooded animals, the heart is 
a completely double organ, consisting of two auricles and 
two ventricles: the right auricle receives the dark blood 
brought back from the tissuea, and sends it into the right 
Vfflitricle, which propels it through tie lungs; the left auricle 




Fig.62.— Eeabta: 



Gbxat Fig. 63.— Heaet abh Great Vessels 
OP Frog, a, Aorta; fi, venoua trunk 
canyiDg dark blood to c, the right 
auricle ot the heart; d, left auncls 
receiving aerated blood from the 
lungs; e, Yentriole receiving blood 
from both auricles, and propellisg 
the mixed fluid up the truncus ar- 
teriosus, both into the lurigs and 
the system; /, lu£t lung. 



Fig- 1 

Vessbls 01 Fish, a, a, a, 

VeiuB; b, b, right and left 

extremities of the single 

auricleof the heart; e, ven- 
tricle of heart ; d, bnlbua 

arteriosus ; t, e, branchial 

arteries which convey the 

dark blood from the heart 

into the gille, to be purified 

before passing on into the 

biaucbiBl veins, andtheuco 

into /, the aorte. 
teoeives the red blood returning from the lungs, and passes 
tiie pure stream on into the left ventricle to bo propelled into 
the tissues of the body. In fishes, as -well as in warm-blooded 
' I, only red blood circulates through the body; but in 
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amphibians and reptiles, while the heart ia more complex, 
the circulation is less perfect, there being a double waste of 
power in sending part of the dark blood into the body, and 
part of the red blood back to the lungs, which, tliough in 
a manner accounted for as being a stage of progression 
toward the more perfect oi^an found in higher animals, 
might have been difficult to explain, if it could have been 
noted by an obsei'ver before birds and mammals appeared on 
the earth, 




J. 64.— Dtacbam or Hduan Heart ani> Vessels. To the si&ea 

are the Innxp represented in ostliiie; and above and below are 

the cut eniu of the ejstemio Tesaels. The arrows indicate the 

coDrae of the blood. In the veisela left pale, pare blood circu- 

latea; and in the darkened Teasels, impure blood. 

86, The Hsart in mammals, as will be seen &om what has 

been said, ia divisible into a right and a left part, each of which 

is comparable with a fish heart, consisting, as it does, of an 

auricle and a ventricle; these parts are completely separate, 

one from the other, from the time of birth, so far aa the 

blood contained in them is coaoemed; but they act syn- 
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dironously, and are structurally one heart. Anatomically 
considered, the natural division of the heart is into an 
auricular and ventricular part, separated by a deep sulcus, 
the auriculo-ventricular groove. The ventricular part is a 
strong muscular structure invested completely with the serous 
covering of the pericardium, and unconnected with other 
viscera. It is directed downwards, forwards, and to the left 
side, resting on the diaphragm in man, and narrowing to the 
apex, which is felt beating opposite the interval between the 
sixth and seventh costal cartilages of the left side. The apex 
is formed entirely by the walls of the left ventricle, which 
are three times as thick as those of the right ventricle, the 
blood requiring much greater force to propel it through the 
system than to send it through the lungs; and if the ven- 
tricles be cut across, the section of the left ventricle will be 
seen to be circular, while the right is curved crescentically 
round it. 

Above the auriculo-ventricular groove, ascending from the 
hose of the ventricles, the two arterial trunks issuing from 
those two cavities lie close together behind the breast-bone, 
each twisted somewhat round the other. That which rises 
from the right ventricle is the pulmonary arteri/, and divides 
into a right and left branch, one going to each lung; while 
the systemic artery, arising from the left ventricle, and con- 
cealed at its origin by the pulmonary aii;ery, is called the 
aorta. 

The auricles have exceedingly thin muscular walls, their 
whole function being to receive the blood, which continues 
pouring in during the contraction of the ventricles, and to 
pass it into them through the large auriculo-ventricular aper- 
tures as soon as they relax. They lie behind and to the sides 
of the arterial trunks, and each is prolonged into a pointed 
eul-de^sac in front, which, from a fancied resemblance to a 
dog^s ear, is called the auricidar appendage; and these ap- 
pendages have given their name of auricles to the cavities 
to which they belong. The cavities are separated one from 
the other by a thin septum, which, as seen from the right 
auricle, presents a depression and, in front of it, a crescentic 
border, the fossa and a/anulus ovalis, marking the position of 
an opening which exists^ and is made use of, in foetal life, 
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bnt is Btut up after birth. In the rare instances in -wMcli it 
continues after birth to allo^ blood to pass through it, the 
lurcalatioQ of dark blood in the Sfstem is the result, con- 
stituting the disease called cyanosis, and destroying lifa 




Fi^. 65. — Eight Sidb or the Heart, a, b, Superior and inferior 
vena cava entering the riglit acricle; c, Eustachian valve; d, 
annuluB ovalia ; e, f, anterior and posterior cueps of the tricuBpid 
valve deacendmg from the margin of the auriculo-vcntricuW 
opening ; g, pulmonary artery with its oriSce ahat by distension 
of the three pooches of its sconilunar valve ; h, aorta. 
The right auricle receives blood in two streams nearly verti- 
cally opposite one another, one from the vena cava superior, 
bringing the blood from the head and upper limbs, the other 
from the vena cava inferior, bringing the blood from the 
lower limbs and greater part of the tnmk; while, in addition, 
the blood from the walls of the heart enters by one consider- 
able and several smaller orifices. The left auricle receives 
its blood by streams transversely opposite one another, 
entering by the pulmonary veins from the right and left 

86. The heart can be seen in action by laying open a frog, 
but still more satisfactorily in the chest of a mammal. The 
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aitricles are seen to contract first, and to distend the ventri- 
cles with blood; the ventricles contract immediately afber- 
waixis, and then there is a pause before the auricles become 
quite distended and contract again. The contraction of the 
auricles is completed in about a third of the time taken bj 
the ventricles to contract; but it is not thorough, for it 
proceeds in a wave forwai-ds from the venous trunks to the 
tips of the appendages, so that the appendages are at first 
distended, and when in turn they contract, the rest of the 
auricular walls are already relaxed. On account of this 
mode of contraction of the auricles, there is in health little 
tendency of the blood to regurgitate into the venous 
trunks; and the mouths of these vessels are unguarded 
in mammals, although protected by competent valves in 
other animals. There is in man a fold of membrane, the 
Eustachian valve, in front of the vena cava inferior; but it 
can have little action as a valve after birth, for it is frequently 
nearly absent in the adult. The ventricles contract in a 
different way from the auricles. The muscular fibres in the 
middle depth of their walls embrace them circularly, while 
the successively deeper and more superficial layers have suc- 
cessively steeper degrees of obliquity, and are continuous 
one with another both at base and apex; and in consequence 
of this arrangement, these cavities are contracted thi-oughout 
their wliole extent by both shortening and narrowing at the 
same time, till they are completely emptied. But no matter 
how completely or forcibly the ventricles might contract, 
they would make but an inefficient engine of propulsion were 
there not some means of preventing the blood being pushed, 
during their contraction, back into the auricles, and re- 
coiling, after their contraction, back into them from the 
arteries. Such waste of power is prevented by the presence 
of valves, which guard the arterial and auriculo-ventricular 
orifices. 

87. The arterial valves guarding the entrances into the pul- 
monary artery and aorta are named semilunar, because they 
consist each of three delicate pouches, with semilimar attach- 
ments to the wall of the artery. The pouches are placed in a 
circle, with their mouths turned away from the heart, and 
are pushed fiat against the arterial walls when the blood ia 
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niBhiog out <^ tlie ventricles ; but as soon as the ventricular 
ooutractioit ceases, and the elasticity of the arteries tends to 
make the blood recoil, 
they are filled with the 
blood in the arteries, the 
aides of each are pressed 
against the adjaceat sides 
of the two others, and all 
three reach in to the centra 
of the orifice, so as effectu- 
ally to block it up. The 
action of these valves can 
be studied in a sheep's 
heart, by poiuing water 
into the cut arteries, when 
it will be seen that not a 
drop passes back into the 
ventricles. 

The auriculo-ventricular 
valves of the right and 
left sides of the heart are 
named respectively the 
tricuspid and the Jncuspid 

la pnlmonary arteiy has been ri 
moveii. dn arrow is passed thronsu . - ~ - > 

tha aortic orifica betiaMi the aeii- hrauous flaps or cusps, and 
lanar pottchee of its valve; and the the other of two. The 
lower end of the arrow resta on the cusps are attached at the 
anterior cusp of the mitral valve. ^^^ ^ the mareins of tho 
a, b. Anterior and posterior mnsculi . , i. ■ i 

papillarea, with chords tendinete aiinoulo - ventncuJar _ on- 
passing tip from each to both cusps; fices, and are kept m tho 
e, auricular cavity. interior of the ventricles 

by a number of threads, ehordce tendin&e, attached to 
their edges and backs, and fastened at the other end to 
muscular prominences, the muaculi papillares. The arrange- 
ments are on the same principle in both valves, hut may bo 
studied best on the mitral, which is the more perfect of the 
two. The chordse tendinese of each cusp are divided into 
two sets ; those from each half joining with those of the 
adjacent half of the other ousp to be inserted into one mua- 




Eg. 68.— TiEFT Sn)B ot the Hbakt. or mitral, the one consist- 
. The pulmonary artery has been re- ^„ ^f three pointed n 
is passed throiuFh , ° - '^ 
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cuius papillaris. Thus the contraction of the musculi papillares 
not only prevents the cusps from being flung into the auricle, 
but keeps their edges in apposition. These muscles conti'act 
at the same time as the ventricular wall with which their 
fibres are continuous, and the contraction of the ventricle 
pushes the blood against the backs of the valves, so as to 
bring them quite together, block up completely the passage 
into the auricle, and leave the blood no other aperture of 
exit save into the artery. 

88. If we apply our ear to any one's chest, we find that the 
heart makes some noise in its action, that there is a perpetual 
" pit-pat, pit-pat," or recurrence of two successive sounds ; 
fiiit a slightly prolonged sound, then, a moment afterwards, 
another short and clear, and after that a longer interval 
before the first sound is repeated. The first sound will be 
found to occur at the same moment as the beat against the 
chest, and nearly at the same mom£nt as the pulse at the 
wrist; it is synchronous also with the systole or contrac- 
tion of the ventricles, and is caused by the vibration of the 
auriculo-ventricular valves when suddenly closed by the 
pressure of the blood on them. It continues audible in an 
animal when the chest has been laid open, so does the second. 
The second sound is caused by the closure of the arterial 
valves, as has been experimentally proved by introducing a 
pair of needles, one into the pulmonary artery, and the other 
into the aorta, so as to prevent the valves shutting, and 
observing that at once the sound ceases. 

The beating of the heart against the chest is called the 
impulse, and is caused by the apex, which is at all times in 
contact with the wall of the chest, being pressed against it 
in the ventricular contraction by jerking upwards, forwards, 
and to the left. This movement is probably caused by the 
arch of the aorta being thrown into a rigid and more ex- 
panded curve when filled with blood, while it is fixed in its 
position behind ; but it has been suggested that it results 
from the disposition of the muscular fibres of the ventricles. 

89. The frequency of the heart's pulsations varies in health 
with different circumstances, but principally according to age. 
In infancy the beats are 120 or more per minute; in early 
life they quickly diminish in frequency ; in the adult they 
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are about 75 in the male, and 85 in the female ; and in old 
age the average is lower. 

The heart's action is easily influenced in its regularity, 
strength, and rapidity by the amount of blood in the body, 
and by the nervous impressions conveyed from other parts. 
Thus, it may be weak from want of blood, or, when the 
deficiency is sudden or great, it may be fluttering or irregular ; 
and, on the other hand, the rarer phenomenon is occasionally 
observed of interference with the heart's action dependent 
on a superabundance of blood. Emotions also, and conditions 
of the viscera, send impressions through the nerves which 
readily disturb the heart. But it is important to observe 
that the rhythmic action may continue when all connection 
with other parts has been cut off". A turtle's or a frog's heart 
will continue to beat when removed from the body, and the 
successive contractions of its parts will continue to take 
place in regular sequence, even though there is no longer 
any blood to stimulate it. When it is divided vertically the 
portions continue to beat, and when divided transversely 
the rhythm continues in the basal part, but is lost in the 
apex. There are not only nimierous nerves, but likewise 
minute nerve-centres, the ganglia of Remah, scattered over 
the heart ; and by these, kept in communication with ono 
another by the copious nerves in the auriculo-ventricular 
groove, the action is immediately governed (p. 2 1 6). No doubt 
it is difficult to imderstand how the nerves are stimulated to 
produce rhythmic contraction; but it must not be forgotten 
that the ptisation of the heart is only one of a great number 
of instances of periodicity in nervous action, and that any 
nervous action frequently repeated has a tendency to go on 
recurring. 

90. The Arteries, into which the blood is sent by the 
heart, are a series of branching, elastic, and contractile 
tubes. 'They have a smooth internal lining, and externally 
have a tough felted coat of areolar tissue; but the main 
thickness of their walls consists of a middle coat of elastic 
and muscular fibres intermixed and arranged circularly, lying 
among meshes of elastic membrane. In the larger arteries 
the muscular fibres are exceedingly small, and the elastic 
fibres abundant; but as the vessels get smaller there is a 
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greater development of muBcular tissue, and less of the 
elastio, mitil in tiie mioute arterioles the elastio tissue dis- 
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appears altogether^ and the middle coat consists of muscio 
only. 

The advantage of the elasticity of the arterial walls may 
be easily illnstrated. If a glass tube have a nozzle fastened 
into it at one end, and at the other be fitted to the stop-cock 
of a water pipe, and if the water be turned on and off alter- 
nately so as to imitate the repeated discharges of blood 
from the ventricles, the water will emerge from the nozzle 
in jets, which will cease instantaneously each time that it is 
turned off. But if the same experiment be made with a 
long india-rubber tube instead of a glass one, the water wiU 
spring from the nozzle in a continuous flow, notwithstanding 
the interrupted manner in which it is admitted to the tube ; 
and if the experiment be varied so that the glass and the 
india-rubber tube shall both be filled from the top at the 
same time, while the nozzles on the two tubes are of the same 
size, the elastic one will discharge in a given time a much 
larger quantity of water than the one wlu^ch is rigid. In the 
rigid tube there is great loss of force by friction ; while in 
the elastic tube, as each fresh jet of fluid enters, the walls 
are distended, and as ifc ceases they recover, and give their 
contents a fresh propulsion onwards in a second wave, which 
distends the tube further on ; and thus, after traversing a 
sufficient length of tube, the interrupted stream is converted 
into one which is continuous. This is precisely what happens 
in the arteries. When a large artery is divided, the blood 
comes in separate abrupt jets with well marked intervals 
between ; in smaller arteries the duration of the jets is longer 
and the intervals are shorter, and from little twigs the blood 
spouts out in an almost continuous stream. 

While the elasticity of the arteries thus converts the sepa- 
rate gushes of blood from the heart into one continuous flow 
before the capillaries are reached, their contractility, derived 
from their muscular fibres, determines the amount of blood 
which is sent at different times to each part. Their contrac- 
tidn is not of the vermicular description, but purely tonic : 
they do not assist the forward movement of the blood by 
propelling it onwards, but, by varying in diameter at different 
times, they allow more or less blood to pass through them. 
The muscular fibres are governed by nerves, termed vasch 
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motor: these are found in the sympathetic trunks (p. 215), 
and their action may be illustrated by dividing the sympa- 
thetic nerve of a rabbit in the neck, when immediately 
the ear of the side experimented on gets red, and the whole 
of that side of the head becomes warmer than the other; 
the reason being that the paralysed arterioles no longer 
resist the entrance of the red and warm blood, but allow it 
to distend them. This condition is the same as takes place 
in blushiTig, only in blushing the withdrawal of the nervous 
stimulus is temporary, caused by the communication of a 
disturbing influence from the brain, the result of emotion. 

91. The puUe in the arteries is caused by their distension 
and elongation under the pressure exerted by the rush of blood 
with each beat of the heart, but can only be felt in those 
positions in which an artery lies near some Arm structure 
against which it can be pressed. With the aid of instru- 
ments it can be shown that it is communicated with great 
rapidity to the whole arterial system, the smallest arteries 
pulsating within a sixth of a second after the largest. The 
blood already in the arteries is pushed on by each new quan- 
tity thrown in from the heart; the velocity with which the 
blood travels being far less than that with which the pulse 
is communicated. The actual rate of movement of the blood 
can be observed in the arteries of animals by the insertion 
of an instrument for the purpose between the ends of a 
divided vessel, and it is calculated from such expei-iments, 
that in man the mean velocity is about ten inches per second 
in the carotid, and about two and a quarter in the foot, the 
rate of flow being much slower in small arteries than in 
large. The reason why it is slower is to be found in a pecu- 
liarity in the branching of arteries; for in almost all instances 
in which an artery divides, the united areas of the divisions 
are greater than the area of the parent trunk; and, conse- 
quently, the total area of the combined arterial channels in- 
creases rapidly the farther the distance from the heart. 

While the frequency of the pulse corresponds with that of 
the heart's contractions, its cluu:acter depends on a variety of 
circumstances, of which the chief are the amount of blood 
in the body, the vigour and regularity of the heart's action, 
and the degree to which the muscular fibres of the orloiial 
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wall are contracted, and so offer resistance to the heart. 
Some of the peculiarities of the pulse, which cannot be 
appreciated by pressure of the finger on the wrist, are 
exhibited with tiie aid of the sphygmograph (Marey), an 
instrument which is fastened to the wrist, and in which a 
spring, pressed against the radial artery, causes a light 
lever, carrying a pen, to move up and down. The pen is 
in contact with a slip of paper or smoked glass set in 
motion by clock-work, and produces a tracing which 
indicates the pulsations by elevations, and the element of 
time by horizontal distance. Such a tracing shows, that in 
health the distension of the vessel takes place with almost 
instantaneous suddenness, commencing and finishing abruptly; 





Fig. 68. — Sphygmogbaphio Tracings of the pulaea of three persons 
all healthy. In 1, the arterial resistance is greatest; in 2, the 
dilatation of the vessel has taken place with such force as to jerk 
the lever of the instrument from its rest, and hence the sharp 
points at the tops of the waves; 3, is a distinctly dicrotous pulse. 

while the gradual character of the recoil is shown by its 
making a long slopLug line. When the arterial resistance is 
great, as it is in the most robust health, it counteracts the 
distending impulse given by the heart, so that the rise of the 
tracing is not so considerable as it would otherwise be; and 
in these circumstances there is a moment's continuance of the 
distension, then a gradual and but slightly undulating de- 
scent. But when the arterial resistance is slight, the secondary 
distending impulses given by the elastic recoil of the larger 
vessels produce more efiect on the tracing, and one particular 
rise becomes prominent, which appears to be caused by the 
Walls of the commencement of the aorta, redistended by the 
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blood thrown back on the aortic valves, again recoiling. 
Such a pulse is said to be dicrotous, 

92. The Capillaries are the smallest blood-vessels, those 
through the walls of which materials pass to and from the 
tissues, and so delicate that, as has already been pointed out, 
even blood corpuscles are able, without injury to the walls, to 
escape from them into the parts around. They vary from 
•ffwo" ^ a /tf ^^^ ^ diameter, and are arranged like the 
meshes of a net. The meshes vary in size and form in 
different localities : for the most part they are polygonal ; in 
the papillae of the skin they are in loops ; in muscle they 
are oblong; and in the lung they are circular, with the 
diametei'S of the circles little greater than the breadth of the 
capillaries between which they lie. In some tissues they 
can be seen under the microscope without previous prepara- 
tion; and they exhibit the appearance of a homogeneous 
membranous wall with oval nuclei imbedded in it, and 
projecting to the outside. With the aid of a weak solution 
of nitrate of silver, a delicate lining of epithelium, or enda- 
ikdium as it is sometimes called, is brought into view; but 
it must not be supposed that the nuclei mentioned belong to 
that lining. 




Fig. 69. — Oafillaiues, Highly magnified. A, exhibits the nuclei; 
B, the endothelium as displayed by means of nitrate of silver. 

The blood can be seen circulating in the capillaries of the 
web of a frog's foot, a tadpole's tail, or a bat's wing, without 
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injury to the animal; and may be still better studied in 
some internal parts of small animals operated on for the 
purpose. Furthermore, by gazing steadily at a bright field, 
and moving a finger rapidly in front of the eye, some persons 
are able to bring into view the blood corpuscles coursing in 
the capillaries of the retina in their own eyes (p. 25 1). From 
such data as these, the calculation is made that the blood 
moves in the capillaries in the human subject at the rate of 
one or two inches per minute. The movement looks much 
more rapid when seen under the microscope in a frog's foot; 
but the reason of that is, that the distajice which the cor- 
puscles travel being magnified, the apparent rate of motion 
is proportionately increased ; because the rate of movement 
is the distance travelled in a given time. 

98. The Veins begin by radicles from the capillaries, in 
like manner as the arteries end in these vessels. The blood 
moves in them from the capillaries towards the heart, and 
their course on that account is described from twig to tnmk 
like the course of a river. They are larger than the corre- 
sponding branches of arteries, and in the limbs they are more 
numerous. Thus, in the lower limb below the knee, and in 
the upper limb below the armpit, the main arteries are 
accompanied with vence condtes, that is to say, two or more 
veins frequently communicating; and there are, besides, 
large veins beneath the skin without any corresponding 
artery. The walls of veins are much thinner than arterial 
walls, owing to their having the middle or muscular and 
elastic tunic so slightly developed that their principal thick- 
ness consists of the external or felted coat; and thus it 
happens that in a wound, an artery cut across forthwith 
contracts so as to lessen its apparent diameter, while a vein 
gapes and continues as large as ever. 

The veiQS give little or no assistance to the flow of blood 
by elastic recoil, and, indeed, become easily distended to an 
undue extent; but they present a peculiar provision to prevent 
the accumulation of pressure within them, and regurgitation 
backwards, for they are provided here and there with valves. 
These valves are on the same principle as the arterial valves of 
the heart, consisting of semilunar pouches; but the pouches 
look towards the heart, and instead of there being three of 
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them farther, there are only two. They are very delicate, 
consiating of folds of the lining membrane of the vessel, and 
&re quite transparent; but when 
liquid is injected from the direc- 
tion of the heart, it is efiectuall; 
prevented by them from passing i 
back to the twigs. They are I 
neatly abaeut from tte head and t, 
neck, and are most abundant in U 
the lower limbs. By prevent- H 
ing regurgitatioB, they convert ? 
the accidental pressure of sur- 
rounding parts into an auxiliary 
of the circulation, pushing the 
blood onwards, but incapable of 
pushing it backwards. Such 

pressure may, however, easily Pig. 70. — VESons Valves. A, 
be sufficiently great to prevent » vein laid open to show tha 

the entrance of blood into a ir.^ZtAJil''^lhit.^t 
,, .,,,. ,. 1- an unopened vem, exlubitB at 

vein; thus m letting blood from a, the dilatation oppomte a 
the arm it is customary to make valve ; and at b, a closed 
the patient exercise the fingera valve aeen from below. 
Bufficieutly to keep up pressure by contraction of the flexor 
muscies in the forearm on the deep veins, and so compel the 
return of the blood by the superficial set. 

It ■will be perceived from what has been said, that the 
rate of flow of the blood in individual veins is very variable. 
Ijooking, however, at the venous system as a whole, it will 
be easily understood that it pours into the heart, in a given 
time, exactly the same amount of blood aa is discharged into 
the arteries; and as the sectional area of the veins is every- 
where greater than that of the corresponding arteries, the 
flow of blood within them is in the same proportion slower, 
probably nowhere more than half as fast; but as, in the 
arteries, the velocity of the blood is less the nearer it 
approaches the capillaries, on account of the larger sectional 
area of the total number of vessels in which it is distributed, 
80 it again increases in the passage from the sir^ to the 
lai^ veins. 

94. The pretKire or force with which the blood is urged on its 
U 1 
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course by the heart must not be confused with its velocity. 
The velocity is at its Tnininmrnn in the capillaries; the pressure 
diminiahes from quitting the heart till the return to it, being 
dissipated by the friction of the tissues which resist it. From 
experiments on the lower animals, it is calculated to be equal 
in large arteries, such as the carotid, to the support of a 
column x)f mercuiy more than six inches high; and in small 
arteries, like those of the foot, to be about a fourth less; 
while in the veins, afber having experienced the resistance of 
the tissues in the capillaries, it is only about a twelfth of 
what it is in the arteries. These observations, together with 
the fiict that defibrinated blood has been injected through the 
body of a dog with less pressure than that exerted by the 
heart (Sharpey), point out that the heart is the motive 
power which causes the blood to flow through the whole 
system. It must not, however, on that account be supposed 
that the tissues have no influence whatever on the circula- 
tion, for we have proof to the contrary in the fact that in 
interference with respiration, the unaerated blood fails to 
pass the capillaries, and that in inflammations, examined 
microscopically in the web of the frog's foot, blood corpuscles 
are seen arrested in their course without any obstruction 
existing in the channel beyond. 

95. The time required for a portion of the blood to be carried 
through the whole circulation, has been made the subject of 
most interesting experiments. An easily detected substance, 
such as ferrocyanide of potassium, is introduced into a vein 
on one side of the neck of an animal, and the time noted which 
elapses before it is present in the blood allowed to flow 
from the corresponding vein on the other side. The substance 
introduced has to pass through the heart and lungs, and some 
part of the head or neck, before it can reach the aperture 
where it is sought for, and thus makes a circuit through both 
pulmonary and systemic circulation. In the horse, such a 
circulation is completed in little more than half a minute, 
and in smaller animals in a much shorter time. Small 
animals have the pulse rapid; and the rule may be laid 
down that a complete circulation takes place in from 20 to 
30 beats of the heart. This may well appear incredible at 
first, when it is considered how slowly the blood moves in 
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the Cftpillaries, but the explanatioa is found by taking into 
account the exceedingly abort distance of capillary circula- 
tion traversed by each portion of blood, probably in no caae 
exceeding the tenth of an inch. 




Fig. 71. — Vauons Svbteh, diagrammatic -riew. a, Traehea dividing 
into the two bronchi; b, aorta dividing into the two common 
Oioc arteries, which again divide into the external and internal 
iliacB; c, e, kidneys, with the renal veins emerging from them; 
d, liver ; e, gplean ; /, portion of intestine, with mesenteric vein 
proceeding from it to join the splanic and form the portal vein, 
which branches in the liver ; g, inferior vena cava receiving the 
hepatic veins emerging from the liver ; h, obliterated umbilical 
vem; i, obliterated dnctus venosiu; k, superior vena cava formed 
by union of the two innominate or bracluo-cepbalic veins j I, the 
tight vena ozygOB joined by the left. 
96. Portal Byatem. — Before leaving the subject of the 
^rcnlation, it remains to be pointed out that there are 
exceptions to the mle that &a arteries continually divide 
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till they reach the capillaries, and that the veins emerging 
from these bring the blood directly back to the heart. 
Looking at vertebrate animals generally, one finds many 
instances of arteries breaking up into small branches which 
reunite before reaching the capillaries, and such an arrange- 
ment is called a rete mirahile. There is only one instance of 
such a thing occurring in the human subject, namely, in the 
Malpighian corpuscles of the kidney. But there is a notable 
instance, occurring in man and all vertebrate animals, of a 
venous trunk branching again into twigs, which open into a 
second set of capillaries; and that is the portal vein. The 
portal vein receives all the blood returning from the stomach, 
intestines, and spleen, and divides into a right and a left 
branch, which enter the liver, and break up into branches 
which pour their contents into the capillaries of that organ, 
and then discharge their blood into the hepatic veins, which 
open into the vena cava inferior. Thus all the blood which 
goes to the stomach and intestines has to pass through two 
sets of capillaries before returning to the heart, and this is 
the blood on which the liver exercises its purifying power. 



CHAPTER X. 
RESPIRATION AND TEMPERATURE. 

97. The object of respiration is to liberate the carbonic 
acid accumulated in the blood returning from the tissues, and 
to take in a fresh supply of oxygen, which, passing to the 
tissues, is used in chemical decompositions, by which moi-e 
carbonic acid is produced. Respiration, therefore, is not a 
process of combustion, but it affords an index of the amount 
of combustion taking place in the tissues. It consists essen- 
tially of an interchange of gases between the blood and the 
medium in which the animal lives, and requires that these 
two should be brought into as close contact as possible. 

This contact is achieved in some animals by introducing 
the medium into the body, and conveying it to the tissues. 
Thus, in star fishes there is a water-vascular system, and in 
insects there are air tubes or trachece kept open by a spiral 
thread coiled round them, which, opening by stigmata on the 
sides, ramify throughout the whole body, and are emptied 
and refilled with air by pulsatile movements of the abdomen. 
But in the majority of animals, including all vertebrates, 
the blood is brought into contact with the surrounding 
medium in a special organ devoted to the purpose; and this 
in water-breathing animals consists of gills or projecting 
organs with blood-vessels on the surface, while in air-breath- 
ing animals it consists of lungs or bags into which the air 
is introduced. - ■ 

In frogs and serpents, the lungs are simple pouches with 
shallow recesses round about, the partitions of which project 
into the interior; and these pouches are each opened abruptly 
into by a main air tube or bronchus. In turtles and croco- 
diles the air tubes are branched, and each branch opens into 
a cavity in the heai-t of a sponge of ramifying recesses ; 
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while in birds there are no longer any dilated cavities, but 
every air tube ia sun-ounded with a system of air cells, com- 
■pletely separated by septa of connectiva tissue from those 
vhich surround others. In the lungs of man and other 
mammals, the air tubes go on dividing and subdividing til] 
they terminate in minute tubules, which open into iiregulaT 
passages, surrounded with air cells: and in the manner of 
their development they exhibit both the modes of increase 
in complexity observed in the zoological series; for ttey take 
origin in the embryo a p ir f mpl p h mmg S 
&om the throat, and thes banh t t mjl p h 
budding in like mann till 1 b lea f tj d h h 

instead of branching tdsh l^-g aids 

into their cavities. 




98. The main air tube, the tracliea or windpipe, is about fom- 
and a half inches long, and is surmounted by the larynx, the 
jiart in which the glottis is placed, and which constitutes the 
organ of voice. The constant patency of the traehea is 
insured by a series of cartilaginous hoops, which in eome 
animals form complete rings, hut in the human subject are 
deficient behind. This tube divides below into a right and 
left bronchw of similar structure; and each of these divides 
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and subdivides into smaller and smaller bronchial fu&es, the 
larger of which have crescentic cartilages arranged in their 
-walls, not, as in the trachea, one directly over another, but 
in such a way as to maintain the cylindrical form of the 
tube on every aspect, while in the smaller these cartilages 
degenerate to irregular nodules, and disappear. 




Fig. 74. — HuKAjr WnrnpiPB and Lukgs. a, Hyoid bone; 6, e, 
thyroid and cricoid cartilAges of JiiFyiix: ; d, tmchea dividing 
infariorly into right and left broncbtu; e, root of left Inng. the 
pnhnonaty artery and vein cut acroea; /, /, the bases of ths 
liinga, which rest on the diaphragm; g, g, portions of the anterior 
margins, which in the body reach to the middlo line, and have 
only folds of pleura between them. The right long is seen to 
have three lobes, the left two; the right is shorter than the lefi^ 
and the anterior part of the left ia hollowed out opposite the 
poaition of the apex of the heart. 
In all these tubes, except the smallest, there ia a long^^ 
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tadinal arrangement of elastic fibrous tissue, enabling them 
to elongate when required by the stretching of the neck or 
the expansion of tl}« lungs; also transverse muscular £bres, 
confined, in the trachea and bronchi, to the baok part where 
the cartilagea are deficient, but circular in the other tubeB, 
and capable by their contraction of modifying the freedom 
of entrance of air into the lungs, as is strikingly exemplified 
in asthma, which consists of spasms of these muscles to such 
extent aa to produce difficulty of breathing. The mucous 
membrane is furnished with mucous glands, and lined with 
ciliated columnar epithelium. But the bronchial tubes of 
smallest size, reduced to -^ inch in diameter, have homo- 
geneous walls with a simple squamous lining, and each of 
these terminates in an ultimate lobule or infundibuhim, con- 
siBting, as has been already said, of an irregular passage, 
surrounded with air cells. These air cells or locules are cup- 
shaped depressions, consisting of a framework of fine elastic 
tissue, and one of the closest capillary networks in the body, 
in which circiUates the blood sent to the lungs by the pul- 
monaiy artery; and in order to secure the greatest possible 
contact of the blood with the air, the septa between the 
locules present only one layer of capillaries exposed on botb 
sides, and nrotected only by a very delicate epithelium. 





ig, 75-— Oast op Infusmbul*. Pig. 76.— Am CBLia, with capil- 
V ; from Henle. luty blood-veBseli iDJected, *f. 

The ultimate lobules are united in groups to form larger 
lobules, from a quarter to half an inch in diameter, very 
closely united one to another, but with outlines which, in 
those of the surface of the lung, can be easily distinguished. 
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{MrUoularlT- in tte human subject, where they are usually 

more or less marked by the deposit of black pigment. The 

tissue between the lobules and that of the bronchial tubes 

require, like all other 

tissue, oxygenated blood 

for their nourishment;^ 

and as that which i 

rives by the pulmonary '. 

artery is unfit for use, ^' 

they receive their supply i 

from small syatemio '^ 

branches called '^e bron- ^ 

dual arteries. 

Each lung is C 
pletely invested with a ■; 
serous membrane, the 
pleura, the visoeral layer 
of which is adherent to 
its surface, while the 
parietal layer is reflected Fig. 77.— Lobules or Human Luko. 
from what is called the partially separated; natural size. 
root of the lung, where the bronchus and blood-vessels enter, 
to the walla of the chest, the outer surface of the peri- 
cardium, and the upper surface of the diaphragm. 

99. The means by which the air is introduced into the lungs 
and expelled therefrom, is similar to that by which it is 
drawn into and forced out from a concertina. The interior 
of the lungs communicalea freely with the air outside by 
means of the windpipe, and when the capacity of the cavity 
containing them is enlarged, the air passes in, while, when 
the capacity is diminished, a quantity of air is expelled. 
This is the principle of the mechanism of respiration in the 
majority of animals; but infrogsthe want of osseous thoracic 
walls, and in turtles their rigidity, renders it impi-acticable; 
and therefore both these animals pump the air down into 
their lungs by a motion of a swallowing description, which 
jn&Y be seen constantly going on in their throats. 

100. The expansion and diminution of the chest in respira- 
tion aSects the whole thoracic cavity, containing the heart and 
great blood-vessels as wtll as the lungs. It may, therefore. 
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flow is augnvented by flesh diet, but not by a diet consisting 
exclusively of fat, 

124. Within the substance of the liver another product 
besides bile is found, namely, glycogen (Bernard). This, which 
is likewise called the amyloid substance of the liver, is a material 
similar to starch or dextrin, of the same chemical composition, 
and easily converted into sugar. It is obtained as a white 
powder by precipitation in alcohol from a filtered extract of 
boiled and pounded liver. It is stored in the hepatic tissue, 
probably within the cells, and after death is speedily converted 
in considerable quantities into sugar, which is found in the 
blood-vessels of the organ. For, if a liver newly excised 
from an animal have the vessels washed out with water in- 
jected through the portal vein till it is quite free from sugar, 
in a few hours afterwards, if they are again washed out, 
abundance of sugar will be obtained. What becomes of the 
glycogen during life, however, is a point on which some 
difference of opinion exists; but it may be mentioned that 
even those who are most sceptical of its passage during life 
into the blood, have themselves found sugar in at least minute 
quantities in blood drawn from the right side of the heart 
of living animals by means of a pipette introduced by the 
jugular vein (Pavy and McDonnell): and the student will 
recollect that it has been already pointed out (p. 109) that 
the smallness of the quantity of any substance in the blood 
is no proof that a large amount of it does not pass through 
the circulation, but only shows that it does not accumulate 
there. The sugar which enters the circulation from the liver 
is, in health, destroyed or altered in the lungs. 

-Ajialyses of the livers of animals which had been fed for 
several days on one particular diet, show that glycogen ac- 
cumulates most rapidly when the diet consists of starch and 
sugar, but that it is also formed from purely nitrogenous 
food; while, when fat and gelatin alone are consumed, the 
liver is free from glycogen (McDonnell). *" 

125. The blood, in passing through the liver, undergoes a 
marked amount of change. This is known by analysis of 
the blood entering by the portal vein, and that which leaves 
by the hepatic. The blood of the hepatic vein is of very 
dark colour, and its corpuscles resemble those of the splenic 
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tiae and fall are comparatively slight, that only ia deep inspira- 
tions IB the upper end of the bone raised at all, aad that 
frhile in the best formed chests ita lower end movea Bome- 
what upwards and forwards in ordinary breathing, there are 
many ^ests in which there is little or no movement of the 




Fig- 78.— Vertical Teanscersb Section of Ckeht and Stoiiach, 
to show the arched form of a, a, the diaphragm; b, thu hesrt; c, c, 
Innga; d, liver; e, stomach; /, spleen; g, pancrcaa. Tho reflexionB 
of the pericardium and pleurce round the heart and lungs are 
represented. Altered from Luschke. 
hreast bone at all. The enlat^ement of tho chest, by move- 
ment of the ribs, in quiet breathing, is therefore principally 
effected by raising the lateral ai'ches or hoops formed by 
large ribs, so as to bring them into the positions previously 
occupied by smaller tiba above them; and in deep inspira- 
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tion these are further elevated by the first pair of ribs being 
themselves raised by muscles descending from the neck. The 
elevation of the first pair of ribs increases the capacity of the 
thorax considerably; for although those ribs are short, and 
embrace but a small portion of lung, their elevation involves 
the additional raising of those below. 

If a finger be placed on the twelfth rib during the fullest 
inspiration, it ^v^ be found that it is scarcely, if at all, 
raised, that its principal movement is backwards; and the 
importance of this will be appreciated when it is considered 
that the thoracic cavity is increased in size by depression of 
its floor, and would be diminished rather than enlarged by 
elevation of the attachments of the diaphragm. In fact, the 
the four lowest pairs of ribs are specially acted on in inspira- 
tion by a pair of muscles (serrati^ postici inferiores), whose 
office is to pull them backwards and resist their elevation. 
The backward enlargement of the thorax, particularly in its 
lower part, is further provided for by the downward and 
backward direction taken by the ribs as they extend out 
from the back bone, and is exceedingly important, as it is at 
the lower and back part of the thorax that the greatest mass 
of the lungs is situated. That is a fact which ought to be 
generally borne in mind, not only as pointing out one source 
of evil from the vicious habit of tight-lacing, but because it is 
a popular error that in protecting the chest from cold, it is 
siflSicient to accumulate warmth on the fore part. Bronchitis, 
no doubt, is liable to have its source in exposure to cold 
by the mouth or in front of the chest, but pneumonia or 
inflammation of the texture of the lung is more frequently 
traceable to exposure of the waist; for example, by the 
evaporation of a shirt damp from perspiration. 

102. The muscles by which the ribs are moved are placed 
between them, forming two layers, sloped in opposite direc- 
tions, and named the external and internal intercostal 
muscles.* In full inspiration muscles of the neck are also 

* On the Continent it seems to be now generally admitted that 
both these sets of fibres are of service in inspiration; but in English 
text-books another theory continues to hold its ground, which is only 
thus referred to that the student may be warned against it as an 
error. The merits of the question cannot be here discussed. 
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called into action to elevate the breast bone and first pair 
of ribs; and when breathing is difficult, particularly from 
asthma, additional force is obtained by fixing the arms, as, for 
example, by laying hold of an arm-chair ; and these muscles 
extending between the chest and shoulders, being fixed at 
the latter attachment, exercise their action on lie former. 
It is principally in inspiration that muscular force is called 
into requisition, expiration being largely aided by the elas- 
ticity of both ribs aad lungs ; for the ribs in inspiration are 
pulled forcibly out of their natural curve, and the elasticity 
of the pulmonary texture may be easily demonstrated by 
noting the rapidity with which the lungs of dead animals 
collapse after artificial inflation. In certain circumstances, 
however, a considerable exertion may be required in expira- 
tion, as, for instance, in playing a wind instrument or in 
glass-blowing; and then the abdominal muscles may be 
brought strongly into action both to push up the diaphragm 
and to depress the ribs. 

103. The acts of inspiration take place at a rate usually vary- 
ing from fifteen to twenty per minute; but, like the pulsations 
of the heart, they are much more frequent in childhood, being 
above forty per minute in the infant. Only a small portion 
of the air in the lungs is changed in each ordinary respira- 
tion; the quantity so changed, or the breathing air, as it is 
termed, being on an average twenty or twenty-five cubic 
inches, while the vital capacity, or amount of air which can 
be expelled after a full inspiration, and which therefore 
includes a complemental supply not usually taken in, and a 
reserve quantity not usually parted with, is estimated on an 
average at 225 cubic inches. Even after the most forcible 
expiration, a large amount of residual air remains in the 
chest; and indeed it is impossible, even by direct pressure, 
completely to expel the air from the healthy lung of an 
animal which has breathed, so that it shall sink in water, 
like the lung of an animal bom dead, into which the air has 
never entered. 

104. The vital capacity indicates the mobility of the walls 
of the chest, but by no means varies according to the dimen- 
sions of the cavity; for differences in the dimensions occur, 
ijrespectiv© of height, a^e, or weight, whereas the vital 
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capacity increases according to the weight in persons of 
less than 11 J stones, and in persons above that weight is 
said to diminish at the rate of a cubic inch per pound; it 
increases also with age up to the period from the thirtieth to 
the thirty-fifth year, then diminishes 1^ inches every year; 
and it increases regularly with the height of the individual. 
This increase of vital capacity according to height is all the 
more interesting, as it was contrary to the expectation of the 
observer who first noted it (Hutchinson) ; because, as he 
justly observed, height depends principally on length of 
limb, and he could not see how that could afiect respiration. 
The student, however, will observe that length of limb gives 
increase of surface exposed to contact with the atmosphere, 
and liable to be cooled thereby, and that the person who has 
the greatest amount of surface requires the greatest amount 
of combustion in his tissues to keep up the temperature of 
the body, and consequently requires more oxygen, and gives 
off more carbonic acid than others. 

It has been recently shown that a distinct influence is 
exerted by climate on the vital capacity; it being found that 
in the course of a voyage, the capacity, being measured in 
the north and south temperate zones, and in crossing the 
equator, rises in the tropics and falls again on reaching 
temperate latitudes. This curious phenomenon apparently 
depends on the lungs containing less blood and a greater 
volimie of air in hot climates, so that they are more compres- 
sible in expiration. It is an accompaniment not of increased 
but of diminished respiration (Rattray). 

The advantage of a large chest may be easily understood; 
for the activity of respiration corresponds with the vital 
capacity, and not with the thoracic dimensions; it is regu- 
lated by conditions throughout the body, and not by the size 
of the organ; therefore the smaller the lungs the greater the 
work thrown on each portion of them, and the greatest work 
of all is thrown on each portion when small lungs are com- 
bined with great height. Drill masters are right in teaching 
that an erect figure is good for the lungs; for the ribs are so 
attached to the vertebral column, that when the column is 
bent forwards their elevation is prevented; and that the full 
expansion of the chest requires a straight back may be easily 
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demonstrated by taking in as fall a breath as possible in the 
stooping posture, and ^en rising and throwing the shoulders 
back, when it will be found that an additional quantity of 
air can be inhaled. The stooping posture renders part of the 
lung useless, throws the work on the rest, and leaves a smaller 
amount of residual air with which to dilute that which is 
inhaled. 

106. The atmosphere which we breathe consists of 79 
volumes of nitrogen with 21 of oxygen, containing in every 
10,000 volumes four or five of carbonic acid. It further 
contains minute quantities of accidental gaseous impurities, 
and has constantly nimibers of exceedingly small particles 
of organic matter floating about in it, including germs of 
different kinds of mould. The degree of moisture varies at 
different times, but the amount which it is capable of 
dissolving increases rapidly with rise of temperature. 

The air exhaled in expiration differs from what has been 
breathed, in temperature, moisture, and the quantity of 
carbonic acid and oxygen which it contains. 

The temperature of the exhaled air is approached to that 
of the blood, varying usually from 97° to above 99°F., accord- 
ing to the rapidity of the respiration and the temperature of 
the surrounding air. When respiration is slow, the air has 
longer time to become assimilated in temperature to the 
interior of the body; and when the surrounding temperature ia 
low, a longer contact is required to approach it to blood heat. 

The air exhaled is always nearly saturated with moisture, 
however dxy it may have Cn whL taken in; and therefor^ 
the maximum of water is removed from the body by this 
channel during exercise in air which is cold and dry; for 
then the respiration is active, and the air admitted and 
warmed within the chest requires most moisture for its 
saturation. The average amount of water thus removed has 
been calculated to be from nine ounces to more than a pound 
in twenty-four hours. 

106. The volume of carbonic acid contained in the expired 
air forms usually about 4} per cent of its bulk. The propor- 
tion is, however, variable. When respiration is rapid, ^e per- 
centage of carbonic acid in each breath is diminished, while 
tlie total amount exhaled in a given time is increased. When 
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the same air is "breathed several times, as happens in crowded 
rooms, and with deficient ventilation, the percentage of 
carbonic acid in the expired air is increased. But this 
accumulation of carbonic acid in the air furnishes an im- 
pediment to breathing, independent of the exhaustion of the 
oxygen; for however often the same air be passed through 
the lungs, it never contains more than 10 per cent, carbonic 
acid. In an artificial atmosphere, animals have lived till the 
percentage of carbonic acid reached 12 and even 18; but 
when they are placed at once in an atmosphere containing 
that amount, liiey are immediately sufibcated, no matter 
how great the amount of oxygen present. It is plain, there- 
fore, that carbonic acid inhaled is actively deleterious, and 
difiers altogether from the nitrogen contained in the atmo- 
sphere; nitrogen being simply negative, acting as a diluent 
of the oxygen, incapable of taking the place of that sub- 
stance; but in no way interfering with its action. Animals 
live without discomfort in an atmosphere in which hydrogen 
is substituted for nitrogen. 

The amount of carbonic acid exhaled in a given time goes 
on increasing in males till thirty years of age, while from 
forty, or sooner, it diminishes as age advances. 

In females the amount ceases to increase at puberty, and 
remains stationary till the cessation of reproductive activity, 
when it again increases for a time. The amount of carbonic 
acid exhaled from the lungs of an adult man may be esti- 
mated as sufficient to yield about nine ounces avoirdupois of 
carbon in twenty-four hours.* But it varies according to 
a great variety of circumstances, being increased by cold, by 
food, and most of all by exercise; while warmth, fasting, rest, 
and sleep diminish it. 

107. The amoimt of oxygen taken into the blood in respira- 
tion does not bear any constant proportion to the amount of 
carbonic acid given off; but it is generally somewhat greater, 
and is always so when the period of observation is extended 
over twenty-four hours. Carbonic acid contains exactly its 
own volume of oxygen; and therefore if the oxygen taken in 
corresponded with the carbonic acid given off in each respira- 

* Eight otmces is the amonnt generally mentioned in text-books ; 
but that means troy ounces formerly in use in matters medical. 
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tion, there "would be just sufficient oxygen to account for the 
formation of the carbonic acid. But there is an additional 
amount of oxygen inhaled, rendering the volimie of air 
expired smaller than that which is inspired; and this addi- 
tional amount must be used for some other purpose than the 
formation of the carbonic acid escaping by the limgs. A 
small portion may be used in the formation of the carbonic 
acid which escapes by the skin, estimated at one -fiftieth 
of what is exhaled by the lungs; but experiments on the 
total respiration, both pulmonary and cutaneous, made by 
placing a man in an air-tight chamber and estimating 
the carbonic acid evolved, agree with those confined to 
the pulmonary in showing that the oxygen given off in 
twenty-four hours, in form of carbonic acid, is less than what 
is taken up; and we must therefore suppose that the excess 
of the oxygen is used in other processes of oxidation, con* 
verting the hydrogen of organic matters into water, and 
their sulphur and phosphorus into sulphuric and phosphoric 
acids. This is in keeping with the observation that the 
proportion of oxygen absorbed is greater in feeding on 
animal than on vegetable food; for the carbohydrates, it 
will be recollected, already contain as much oxygen as woxdd 
combine with their hydrogen to form water, whereas oils and 
nitrogenous substances are comparatively deficient in oxygen. 

108. Grases brought into contact one with another tend to 
difl^ise till they form a uniform mixture; and when two 
gases are separated by a membrane, they pass in opposite 
directions through it in definite proportions. The first of 
these laws is, in all probability, of the utmost importance in 
dif^sing the inspired air through the residual and reserve 
air left in the limgs after the last expiration. But the 
variability which has been mentioned in the proportion of 
the inspired oxygen to the expired carbonic acid, affords 
sufficient proof that it is not by difiusion, as has sometimes 
been supposed, that the interchange of these gases takes 
place between the air and the blood. Another objection to 
the supposition is that the gases appear to be, at least in 
part, in chemical combination with the blood. 

109. When respiration is obstructed, either mechanically or 
by deficiency or impurity of air, asphyxia or suffocation 
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takes place. The face becomes livid with unaerated blood, 
the veins of the neck swollen, the circulation in the lungs 
stopped, and the heart gorged with dark blood, especially 
on the right side : there is evidence that the systemic as 
well as the pulmonary capillaries refuse to allow the blood to 
pass through them (Dalton), and death quickly supervenes. 

Even a slight interference with respiration retards the 
circulation, and this interference may be caused by impeded 
expiration, as in blowing a trumpet, or violent spasmodic 
expiration, as in coughing, in both which cases the veins of 
the neck are seen to swell ; or, by impeded inspiration, as in 
asthma, or by inhalation of a poisoned atmosphere, in which 
cases the hindrance to circulation is the vitiated condition of 
the blood. 

The cessation of circulation, however, is not the cause of 
death by asphyxia; that is rather to be imputed to the 
poisonous influence of vitiated blood on the brain. Arrest 
of the heart's action, constituting the condition known as 
syncope or fainting, may be recovered from after a period of 
time to which it is difficult to name a limit ; but asphyxia 
causes death in less than five minutes, and even more 
speedily in drowning, which is complicated by entrance of 
water into the lungs. The few recorded instances of recovery 
after submergence for longer periods are to be accounted for 
by supposing that the patient fainted at the moment of falling 
into the water, or before falling in, and so had lain without 
effort at inspii*ation. 

110. It is of importance to observe that air may bo 
vitiated by many impurities besides carbonic acid. Prin- 
cipal among these are minute particles of living and 
dead organic matters floating in the air, and products of 
decomposition of organic debris. The precise nature and 
properties of the different substances with which the air may 
be filled are difficult to determine. It must not be supposed 
that things which are offensive to the senses are necessarily 
deleterious to the health. There is no proved relationship 
between the intensity of bad smells and insalubrity of the air, 
and many invectives about poisoned atmospheres, sufficiently 
excellent in their general tendency, are based on very slender 
Boieutific founibtioQ, But while it is admitted that ua- 
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pleasant odours are not always injurious, there can be no doubt 
that constant exposure to the emanations of putrefaction, 
especially such as is fed with meagre supplies of oxygen, 
engendering products of unstable equilibrium, is thoroughly 
baneful, and may exert its noxious influence with but little 
warning ^ven to the nostrils. 

All disinfectants in use act in one or other of two ways : 
they either decompose organic matter, or they preserve or 
pickle it; permanganate of potash, chlorine, and fumes of 
burning stdphur being examples of the destructive kind, 
while creosote and carbolic acid are instances of the pre- 
servative or antiseptic description. 

111. Ventilation has for its object the preservation, within 
buildings, of an atmosphere as free as possible from accumu- 
lation of carbonic acid, or any other impurity, by affording 
ingress to fresh air and egress to the vitiated. Practically, the 
great problem is how to attain this end with as little aidmis- 
sion of cold as possible, and without draughts. Draughts are 
not only highly dangerous, on account of the well known, 
but ill understood, sympathy between the secretion of 
different parts of the integument and various internal organs, 
but are deservedly regarded with much dislike, a dislike 
which may be so great that impure air will be endured in 
preference. To avoid draughts, the communication of a heated 
room with the external air should be constant, free, and directed 
away from the position of the inmates, or the air should be 
heated by some special contrivance before it gains admission. 
The dense airfrom without rushes into an apartment with the 
greater force the narrower the aperture of entrance; and no 
arrangement can well be imagined more likely to produce 
exposure to draughts than a room with a warm fire on one 
side, and insufficient ventilation taking place through the 
key-holes and chinks of windows and doors on the other. 
The heated air passes up the chimney, and cold air rushes in 
streams with great velocity through the narrow apertures 
opposite. The density of cold air gives it such force, in rush- 
ing into a heated enclosure, that it travels inwards or falls 
down through an opening in the ceiling very compactly; 
and, therefore, in good ventilation, means should be taken to 
diflRise the entering streams of cold air, and direct them away 



CHAPTER XIIL 
THE NERVOUS SYSTEM. 

133. In the working of a nervous system in any animal, 
there are three sets of parts involved; namely, the nervous 
centre, the terminal organ, and the link of communication 
between the two, namely, the nerve. The distinctive part of 
every nervous centre consists of nucleated corpuscles, and any 
nervous mass containing nerve-corpuscles is called a ganglion. 
The nerve consists of uninterrupted fibres in structural con- 
tinuity with the corpuscles, and without any branching until 
close to their termination; and the terminal organs are like- 
wise in structural continuity with the nerves. 

These terminal organs are, however, of very various 
descriptions, and with as much claim, in many instances, to 
be separately grouped as to be considered along with the 
nervous system to which they are so intimately united. For 
example, it would be difficult to raise a valid objection to con- 
sidering muscular fibres in their entirety as terminal organs 
of nerves; yet they have a development and function of flieir 
own, and it would be inconvenient, as well as erroneous, to 
look on them as mere parts of the nervous system which 
governs them. It will be recollected that in treating of the 
skin, several terminal nervous organs have already been 
described (p. 68), to which the integuments owe their sensi- 
bility; and more complex organs are devoted to the special 
senses, which will hereafter be described. But at present 
we shall consider only the nervous centres and the nerves. 

The nervous system, as developed in the invertebrate 
animals, consists of a series of ganglia connected in chains 
or other groups, and giving off nerves; but in the vertebrata 
it is divisible into two parts. One of these is the cerebro- 
spinal system, consisting of the brain and spinal cord, together 
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"where it is exposed to the iiihaled air, and when it reaches the 
arteries it is slightly colder than it was when in the right 
side of the heart, although it is not quite so cold as the blood 
in the jugular vein. That the blood should be cooled in passing 
through the lungs is contrary to aU old beHefs, but it will 
not strike the student as strange when he considers how much 
heat is abstracted by the inhaled air before it quits the lungs. 
The absorption of oxygen by venous blood is proved experi- 
mentally to be accompanied with a certain evolution of heat ; 
but the quantity is not sufficient to balance the loss by ex- 
posure to air inhaled at ordinary temperatures. 

In disease, the temperature of the body may vary greatly 
from the healthy standard ; in febrile affections it may rise 
to 106® or more, and in conditions of great feebleness, such 
as the collapse in cholera, it has been known to descend 
below 70°. 

It will be understood, however, that the extremes of ex- 
ternal temperature, which can be borne with impunity, are 
not accompanied with any such changes within the body, but 
illustrate the power which the body has of maintaining its 
own proper temperature. Thus, in extreme cold, the greater 
combustion necessary in the tissues is testified by the more 
active respiration; while in exposure to heat, the body is kept 
cool by evaporation. Temperatures far above what wotdd 
be sufficient to boil the jiiices of the body, were they exposed 
directly to the heat, can be borne for a short time with 
impunity, provided always that the air be dry, so as to aid 
free evaporation from the surface ; but moist air cannot be 
endured above a very moderate heat, 



CHAPTER XL 
ABSORPTION. 

113. "We have now to take into consideration the means by 
•which the substance of the blood is replenished. This is 
effected by absorption, or the sucking up of matenal into 
vessels, partly from the alimentary canal, and partly from the 
tissues. Matter from both these sources is absorbed by the 
capillary blood-vessels, and so carried into the veins; but 
there is another set of vessels, the lymphatics, more especially 
I'efen'ed to when absorbents are spoken of, whose whole office 
is one of absorption. 

The lymphatics or absorbents are a system of vessels 
with delicate walls, and having the appearance of long and 
slender threads when they are empty. The trunk into which 
the majority of them pour their contents, the thoracic* duct, 
is no greater in diameter than a small crow quill, and some- 
times not so large. The thoracic duct begins in the upper 
part of the back of the abdomen, where it forms a dilatation 
four or five times its width in the rest of its course, named 
the receptaculum chyli, and runs up through the thorax in 
front of the vertebral column, to open, at the root of the neck, 
into the angle of jimction of the left jugular and left sub- 
clavian veins. It receives the absorbents from the whole 
body, with the exception of the right half of the thorax, 
right arm, and right side of the head and neck. The 
absorbents from these parts unite to form a short trunk, 
which opens into the angle of junction of the right jugular 
and subclavian veins, and is called the right lymphatic duct. 

The lymphatic vessels are difficult to study on account of 
their slendemess, and because they are thickly beset with 
valves like those of veins, which, in most instances, eiSectiiaUy 



ACSORBIIIT SYSTEM 




Fig. 79. ^Absorbent Ststem ; Dligrammatio view of Laotoala and 
Lympliatics. a. Thoracic duct opening into the angle of jnnction 
of left anbclaviaD and intemal jugulaj veins ; b, right lymphatio 
duct ; e, c, portion of email iut^tine, with lact«ala proceeding 
from it to tiie reoeptaculum chyli. On the right arm the super- 
ficial IfmpliattCB vn exhibited ; on the left the deep lymphalioi. 
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prsrent tbe injection of fluid backwards from the larger 
tnmks into the radicles. These valves are set ao thickly as 
to give to the vessels, when filled, a 
beaded appearance, there being a dila- 
tation opposite each valvular pouch. 
In the limbs and in the ■walls of the 
trunk, they are arranged in a deep and 
superficial set; and in the viscera 
there is usually, in like manner, a set 
on the surface of an organ, and a deep 
set accompanying its blood-vessels. 

At different points in their course 
the lymphatica are interrupted by 
Itfmphatio glands, tough structures, 
often about the size of an almond, and 
mostly arranged in groups. Each c£ 
these receives a number oi lymphatics 
distinguished as afferent vessels, which 
pour their contents into it, and gives 
off a number of efferent vessels which 
carry the contents onwards. They 
are liable to be swollen or inflamed by 
the irritation of fluids brought to them 
from inflamed parts, and in that state 
are often felt Uirough the skin as hard 
knots, popularly known as kernels. 
Thus, hardened kemeb are often felt 
in the neck after eruptions on the 
head, and below and behind the jaw 
after toothachej in the upper part of 
the thigh, from blisters of the foot; 
and in the armpit from irritations on 
Tig. W. — Lymphatic the arm, back, or breast. 
^''^.^e^nt^S: "*■ ^® lymphatics commence in 
with the concavities ''^ ^« networks, and in interstitial 
of the valvM turned spaces in the tissues; in some instances 
toward the gland; 6, Imed with exceedingly delicate epi- 
^ efferent dnoto with thelium, like the capillary blood-vessels, 
S:ir "^;^^«1 and in others not. The fluid which 
thegl(atd(Masc!tgni). they contain is termed l^mph. Thft 
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lymph is a clear, transparent fluid, slightly alkaline in 
reaction, as is the blood, and containing albumen, salts, 
and a variable amount of extractive. As it comes from 
the tissues it is perfectly structureless; but, after passing 
through lymphatic glands, it contains lymph corpuscles 
identical in all respects with the white corpuscles of the 
blood, and also becomes spontaneously ooagulable, forming a 
weak clot. The function of the lymphatic glands appeal's, 
therefore, to be to form white corpuscles; and this view is 
corroborated by their structure : for the lymphatics, on enter- 
ing them, lose their proper walls, and are continued into 
irregular spaces, winding between masses of stroma loaded 
with corpuscles which, as they develop, are loosened, and 
float away in the lymph. The addition of the corpuscles 
to the lymph is sufficient to account for its acquiring the 
property of coagulability; the reason for the lymph, as it 
comes from the tissues, not being spotaneously coagulable, 
being simply that, like liquor sanguinis drawn pure from 
the vein (p. 110), it contains no flbrinoplastin. 

115. The absorbents which come from the small intestine, 
although they in no way differ from the lymphatics of the 
rest of the body, are distinguished as lacteals. The dis- 
tinction is unscientific, inasmuch as the laoteals are simply 
the lymphatics of the small intestine, carrying lymph and 
nothing else when the intestine is empty; but the name 
arose naturally enough from the milky appearance of their 
contents during digestion, and must be submitted to. The 
lacteals pass from the intestine back between the folds of 
the mesentery to reach the receptaculum chyli, and in 
their course traverse a plentiful group of lymphatic glands, 
named, from their position, mesenteric, and subject, like 
other lymphatic glands, to be irritated into inflammation 
and disease, when the fluids reaching them by their afferent 
vessels are altered by inflammation of the tissues from which 
they are derived. Moreover, such disease, unfortunately 
common in weak children, is of much graver importance in 
tlie instance of these than of other lymphatic glands, since 
it interferes with the passage of nourishment from the intes- 
tine into the blood. This constitutes the essence of th» 
disease called tabes mesenterica. 
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coagulated, white substance of Schwann^ and from its marrow- 
like consistency, the medullary sheath. The limiting mem- 
brane is absent from the fibres within the brain and spinal 
cord. The axis-cylinder is of albuminoid composition, while 
the white substance is rich inprotagmi, a material containing 
phosphorus, soluble in warm alcohol, but not in ether, and 
readily yielding fatty compounds by decomposition. Within 
its nervous centre a meduUated fibre often becomes much 
reduced in diameter, and at its peripheral termination it may 
consist of axis-cylinder without any white substance, and 
may break up into branches. The axis-cylinder, when care- 
fully examined, exhibits a longitudinal striation, considered 
by some observers as indicating a bimdle of primitive fibrils 
which, by separating, give the appearance of branching 
referred to. It is, however, to be remarked that by the 
nitrate of silver method, a transverse striation may be like- 
wise exhibited; and as in the case of muscular fibre, so also 
in that of axis-cylinders, it is doubtful what importance is to 
be attached to either longitudinal or transverse markings. 

Another set of non-medullated fibres of soft consistence, 
darker than the meduUated fibres, distinguished as grey fibres, 
and presenting large nuclei, which occupy their whole 
breadth, are found mingled with meduUated fibres most 
abundantly in the sympathetic system, and also constitute 
all the filaments of the nerve of smell. A doubt may be 
entertained as to whether the nuclei are imbedded in their 
protoplasmic substance, or belong to a sheath. But what is 
most important for the student to understand is, that eveiy 
nerve in the body has an albuminoid thread, while only some 
are enveloped in the substance yielding protagon. 

137. Nerve-corpuscles, improperly called nerve -cells, are 
sometimes surrounded with a nucleated sheath, but they 
have no cell waU. They consist of a clear nucleus, and one 
or more nucleoli imbedded in a mass of protoplasm loaded 
with granules. They send out, in probably every instance, 
processes termed poles. Some of these poles are continuous 
with nerves, others communicate with other corpuscles; while, 
in the case of multipolar corpuscles, many of them would 
appear to ramify tiU the branches reach an extreme tenuity. 

The firmness of the difierent parts of the nervous system 
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Every villus presents on its aurface a eoat of columnar 
epithelium continuous with that of the rest of the i 
membrane, uid beneath this a network of • 
capillary blood-veesels, while in the centi-o 
there ia a lacteal. In the lower animals 
there are Bometimea several lacteals forming 
loops in one villus; but in the human sub- 
ject there is usuaJly only one in each. 
This lacteal is somewhat dUated at its ex- 
tremity, and it does not appear at that part 
to have any apecial waiL 

When absorption is going on, the epi- 
thelial cells of the vilK become turbid witli 
molecules of oil, the tissue beneath becomes 
turbid likewise, and from the tissue the 
lacteals are filled. The free extremity of Fjg. S2.— Coloh- 
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thick layer of substance less consistent than 
the rest of the cell wall, but more consistent 
than its contents, and sometimes having a 
Tertically streaked appearance. Through 
this substance the molecules of emulsified 
oil find their way; and afterwards they pass 
onwards through fine prolongations of the deep ends of the 
epithelial ■ cells : these appear to 
commimicato with branches of ' 
connective -tissue -corpuscles, by 
which in like manner the mole- 
cules are carried to the lacteai 

Only a small quantity of oil 
is taken into the capillary blood- 
vessels, by far the greater amount 
being absorbed by the lacteals ; h 
and this, indeed, is the most , 
notable difference between lacteal p;™ 83.— Bixhjd-vesbk 
and capillary absorption, so far as Mrcotra Membbani 
nutritive matters are concerned. Stomach: vertical Bection 
for it is very certain that sac- 
charine and albuminoid substances 
aifl taken up freely by both sets 




nmgiiilied. a, VenouB radi- 
cles descending from the 
free surface ; b, veins ; c, 
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of vessels. The arrangement by which the blood-vessels 
are enabled to furnish material for the nourishment of tex- 
ture, and formation of secretions, while they also absorb 
matters presented to them in both stomach and intestine, 
is a very beautiful one. It is plain that blood, to which 
variable amounts of chance ingredients had been added, 
would be unfit for purposes of nutrition ; but the difficulty 
is got over in this way, that the arterioles break up into 
capillaries in the deep part of the mucous membrane, which 
first supply the glandular structure, and then open into 
venous radicles which take origin close to the surface; so 
that the blood, in its purity, nourishes the glands, and does 
not take up foreign matters until about to enter the veins. 

118. The passage of liquids through membranes is regulated 
by physical laws ©f diffusion, which are closely connected 
with capillary attraction. Jiist as gases diffuse according 
to definite laws, so also do liquids. Their diffusion through 
membranes or porous septa is called osmosis; or, inasmuch as 
there are two currents in opposite directions wherever a 
membrane separates two different fluids, the words endos- 
mosis and exosmosis may be used to indicate the inward and 
outward flow. If a piece of moist bladder be stretched 
across a tube, and any saline solution introduced into the 
vessel thus made, and the end of the tube be then dipped in 
water, it will be found that in a short time a portion of the 
solution has passed through into the water, while a larger 
amount of water has passed into the tube, and raised the 
height of the liquid within it. The same experiment may 
be made with solutions of different sorts on the two sides of 
the membrane. But the important points to note are, that 
different solutions pass throu^ in definite proportion to the 
amount of any particular substance passing in the opposite 
direction, and that while some substances diffuse with facility, 
others do so with difficulty. The substances which diffuse 
easily are called crystalloids, while those which diffuse with 
difficulty are called colloids (Graham). Thus albumen in its 
ordinary condition is a colloid, but when converted into pep- 
tone it becomes crystalloid. It is in consequence of endos- 
mosis that, when water is added to blood, the red corpuscles 
become swollen and spherical. The substance in which the 
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fluid parts of tLe corpuscle are entangled acts as a membrane 
would, and while a certain amount of fluid passes out, a 
larger amount of water passes in and gorges the corpuscle. 
So also nucleated c6lls, when water is added to them, become 
rapidly swollen, till they burst and are destroyed. " 

Now, there seems no reason to doubt that the absorption into 
the capillary blood-vessels is an instance of endosmosis with- 
out intervention of any vital force. All sorts of salts and 
other diffusible substances, whether simply useless or posi- 
tively injurious, find their way into them; while it is proved 
by experiment that such substances do not pass into the lac- 
teals, at least so rapidly. And this is not altogether inexplic- 
able; for we have seen that the capillaries are near the sm-face 
of the villus, while the lacteal is in the centre, and receives 
its supplies through the action of nucleated corpuscles. In 
fact, a little reflection will show that the action of the 
epithelium in lacteal absorption differs from that of secreting 
cells in separating substaiices from the blood in nothing, 
save that in secretion the current is from vessels to a free sur- 
face, while in lacteal absorption the current is from a free 
surface to the interior of a vessel. 

119. The difference in the absorbing power of the lacteals 
and the blood-vessels has probably a considerable importance, 
dependent on the different courses taken by the two sets of 
vessels. The lacteals, which are deeply placed in the villi, 
and fed by other means than mere endosmosis, send their 
contents, by the thoracic duct, into the circulation at a point 
where the blood is returning to the heart and has only to 
be subjected to the influence of respiration before being 
diffused throughout the body. The blood-vessels, on the 
other hand, take up everything according to its diffusibility; 
but they carry their stream into the portal vein, whence it 
is conveyed through the capillaries of the liver; and not 
until it has been subjected to the influence of that organ — 
which has, besides oiher functions, an arrestive power — is it 
allowed to reach the heart. 

As in the case of intestinal absorption, so also throughout 
the body, fluids appear to pass into the blood-vessels easily 
by endosmosis; and the circumstances are not well known 
•which call for the necessity of lymphatics as well as blood- 
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vessels. Yet, when it is considered that lymphatics at their 
origin are less distinctly bounded than the capillary blood- 
vessels, and much more closely communicate with the fluids 
of the tissues, it seems not improbable that, as has been 
suggested, the crystalloids are principally taJken into the 
blood, while the colloids left behind are carried away by the 
lymphatics. 



CHAPTER XII. 

THE DUCTLESS GLANDS, THE LIVER, AND THE 

KIDNEYS. 

In the preceding chapters we have so far traced the history 
of the blood, that we have seen how it is vitiated in the 
tissues and oxygenated in the lungs, and how it is replenished 
with material both from the waste of the tissues and from 
the digested food; we have noted one source of origin of the 
corpuscles, and studied the purification from carbonic acid. 
But there still remain for consideration various processes of 
elaboration and depuration carried on by the spleen and 
other ductless glands, by the liver, and by the kidneys. 

120. The Ductless Glands. — Under this head are grouped 
the spleen, the thyroid and thymus glands, the supi'arenal 
capsules, and also the lymphatic glands and the closed 
follicles of the digestive tube, both of which have been 
already considered (pp. 103 and 163). 

The thyroid body is a limited structure, consisting, in the 
human subject, of two lobes joined together by an isthmus, 
and situated on the windpipe in the neck, and is larger in 
the female than the male. It is exceedingly vascular, and 
consists of numbers of minute vesicles, with glairy contents, 
and each invested with a rich network of capillaries. It is 
sometimes subject to enormous enlargement, constituting the 
disease called goitre, a tumour remarkable not merely for 
the great size which it sometimes acquires, but for being 
associated frequently with a form of idiocy and general 
deficiency of development, to which the name of cretinism is 
given. But nothing, precise is known of the function of the 
thyroid body. 

The thymus glcmd is a structure situated lower down on 
the windpipe than the thyi-oid, being placed in the upper 
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part of the clieat la its early history it is closely associated 
with the thyroid, but its structure ia different in detail 




Fig. 84.— TiivrroTD anh Tnvjirs Botiie.'!, three mo.itln l)etore birtb. 
a. Thyroid body resting on trachea and larynx; 6, 6, thymus; 
e, c, Innga, as yet unexpanded; d, heart. 
It reaches its greatest development in infancy, and dis- 
appears usually ■with childhood. Its 
function, supposed to be connected 
with blood-elaboration, is unknown. 

The tujyrarenal capsules, are a pair 
}f bodies surmounting the kidneys, 
^ and fitting on to their upper ends. 
Like the thymus, they are exceedingly 
large before birth. They are highly 
vascular in the interior, but are like- 
■wise remarkable for their copious 

supply of ^mpathetic nerves, and it 

Pie. 85.— SuprarenTi, >s scarcely safe to say that they are 
Capsulb aud Kid- blood-elaborating glands at all. All 
NET, three months that ia known about them is, that 
before birtM the W^ tJiere is a peculiar form of wasting 
P^nilP^s ToLVtad ^^^^ accompanied with deep bronz- 
■urfaco. ing of the skin, in which there ia fre- 
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quently found, after death, an extensive alteration of these 
structures. 

121. The spleen (figs. 57 and 78) is an organ engaged beyond 
all question in the elaboi'ation of the blood, and however 
obscure the particulars of its function may be, there is at 
least more known about it than about the other organs 
which have been briefly described. It is the largest of the 
ductless glands, very variable in size, but usually from 5 to 
7 oz. in weight. It increases largely some hours after eat- 
ing, then gradually diminishes while fasting is continued. 
It is a flattened oval body about 4 or 5 inches long, and 3 
inches or more in breadth, and lies against the left end 
of the stomach. It has a tough capsule, and consists of a 
deep purple pulp imbedded in the meshes of a network of 
fibrous trabeculse, which is highly elastic, and probably also 
contains some muscular tissue. The pulp consists of granular 
bodies of deep colour and about the size of blood corpuscles, 
and nucleated corpuscles of very variable size, the larger of 
which have several nuclei. In sections of spleens of the 
domestic animals, and in spleens of young subjects, but not 
so easily detected in the healthy adult human spleen, are 
less deeply coloured spots like sago grains, called Malpighian 
corpuscles of the spleen. They are collections of small 
nucleated corpuscles in the sheaths of the arterioles. The 
splenic artery and vein are very large for the size of the 
organ. The venous blood is conveyed into the portal vein 
to be sent through the liver. 

The very fact that the large supply of arterial blood sent 
to the spleen is, after passing through that organ, transmitted 
to the liver, seems to point to its having undergone, mean- 
while, some great change which renders necessary the action 
of the liver, as well as of respiration, before it is fit again to 
traverse the tissues, and this idea is supported by examina- 
tion of the blood. The blood in the splenic vein has the 
serum of a reddish colour unlike that of any other blood, 
and it contains less solid matter than other venous blood, a 
circumstance easily explained on the supposition that there 
is in the spleen a greater amount of chemical action, involv- 
ing the formation of carbonic acid and water at the expense 
of solid matter, than occurs in the tissues throughout the 
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body. It contains also a smaller proportion of red cor- 
puscles than other blood, "which perhaps results from a 
portion of their contents having transuded into the serum, 
as shown by its colour, and by the corpuscles being firmer, 
smaller, and more nearly spherical. Lastly, the celourless 
corpuscles are exceedingly plentiful; and it is to be noted 
that in a diseased condition called leucocythsemia, in which 
the colourless corpuscles of the blood are remarkably in- 
creased in number, there is likewise great enlargement of 
the spleen. These are the principal facts on which rest the 
two theories generally held as to the function of the spleen, 
namely, that it is a manufacturer of white corpuscles, and a 
destroyer of the red. 

IJhat the spleen is a source of white corpuscles can scarcely 
be doubted; but that it is its special function to destroy red 
corpuscles, is not so clear. No doubt heaps of withered red 
corpuscles have been seen in the spleen as an exceptional 
occurrence; but it is plain that there is an action exercised 
on all the red corpuscles, and it seems very possible that the 
object of that action is restoration rather than destruction. 
A very curious circumstance, which by no means makes the 
function of the spleen more comprehensible, is that the whole 
organ may be extirpated, not only without death ensuing, 
but without any inconvenience resulting. It is obvious, 
however, that this is more explicable on the supposition that 
the spleen is* one of many structures which produce blood 
corpuscles, than if we consider it as the sole agent of their 
destruction. 

132. The Liver (figs. 67 and 78).— The liver is much the 
largest gland in the body, between 3 and 4 lbs. in weight, 
and of remarkable complexity, both of structure and func- 
tion. Its most obvious function is to secrete bile ; but the 
bile is secreted less for the sake of its utility in digestion, 
than as a product resulting from certain complicated pro- 
cesses of blood-purification. . 

The liver lies beneath the diaphragm, with the greater 
part of its bulk on the right side, under cover of the ribs, 
and from its position is the organ most liable to compression 
and injury by tight-lacing. It has a right and left lobe, and 
is, in fact, a bilateral organ in all vertebrate animals. It eveft 
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liappena id a few fishes that these lobes are quite discoa- 
nected, forming symmetrically placed right and left livers. 
Before birth the Lver bears a much larger proportion to the 
body than it does afterwards; and the bile which is at that 
time secreted by it accumulates in the intestine, to be ex- 
pelled when the chOd is bom, and is called vieconium. 
Originally the liyer occupies the whole of the upper part of 
the abdomen, and the left lobe is as large as the right; but 
this does not continue long; and in the adult, the left lobe is 
comparatively small, and falls considerably short of reaching- 
the left side of the body. 

The greater part of the blood s 
the portal vein, and coiaes from t 
the stomach, intestine, and 
spleen; but there is likewise s 
hepatic artery which nourishes -^ 
the textures of the viscus; and \ 
the blood entering by this - 
channel is afterwards conveyed T 
to the capillariea of the portial ? 
system. The hepatic substance "] 
is arranged in minute lobules, , 
each of which has ramifications _ 
of the portal vein in its circum 
ference, and in its centre j 
radicle of the hepatic vein, by F'g- 
which the blood is carried from 
the liver into the vena ce 
rich network of smaJl-meshed 
capillaries not only unites the 
branches of the port^ and 
hepatic veins, but pervades the whole organ, passing con- 
tinuously from one lobule to another. Only a few animals, 
such as the pig, furnish an exception to this rule, and have 
the hepatic lobules distinct. 

When the blood-vessels are empty, a, section of liver under 
the microscope exhibits little else than a mass of nucleated 
corpuscles. These corpuscles, termed the hiatus celU, are , 
somewhat flattened polyhedral bodies of an average diameter 
pf j^ J of an inch, of a yellpwish tijige, containing niusiafso*- 




- Hepatic Lobule, 
capillary network: radicle of 
hepatic vein in the ceotre, 
1 branches of portal vein 
die circumference, toaether 
with two amall twigs oi hep. 
atic artery. 
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the neck, where the origins of the nerves are further s^ar- 
ated; and if it be made at a point midway between the 
origins of successive nerves, not only is it painless, but 
irritation of the lips of the wound produces no pain. From 
this it is concluded that the proper £bres of the cord, those 
not directly continuous with the nerves, are insensible to 
irritation, and that the pain in the dorsal region is occasioned 
by irritation to the fibres of the sensory nerve-roots as they 
pass in to the grey matter, some of them passing upwards 
and others downwards in their course to the posterior comu, 
so that there are divided fibres in connection with the grey 
matter in both the lips of the wound. And not only are the 
fibres proper to the cord insensible to direct irritation, but 
so also is the brain. Slicing the brain away in experiments 
on animals is painless, and disease of the substance of 'the 
brain is painless, although inflammation of the membranes 
covering it is acutely painful, the membranes having nerves 
distributed in them. There is thus a very marked difference 
in the irritability of the fibres of the central nervous system 
and the peripheral nerves; it does not, however, follow that 
the active or impressed condition is not of the same descrip- 
tion in both. • 



CHAPTER XIV. 
THE NERVOUS SYSTEM— Con^inwed 

144. Structure of the Encephalon. — The brain or mce- 
plicdon, the portion of the cerebro-spinal axis contained within 
the cranium, consists of various parts to which different names 
are given. The part in continuity with the spinal cord, as has 
ah'eady been mentioned, is called the medulla oblongata. It 
is about an inch and a quarter long, and broadened above, and 
in it both the white and grey matter have a different ari^ange- 
ment from that existing in the cord. In front are the 
columns called anterior pyramids, whose decussation has 
already been mentioned; outside these are the olivary bodies, 
each containing a grey centre of unknown function; while 
outside these are two stout pillars called restiform bodies, 
including the posterior half of the lateral columns of the 
cord, and all the fibres of the posterior columns with the 
exception of two small bands behind, distinguished as pos- 
terior pyramids. These and the restiform bodies slope out- 
wards as they ascend, and limit at the back of the medulla 
oblongata a groove lined with grey matter, continued up 
from the central canal of the spinal cord. This groove 
forms the floor of what is called the fourth ventncle of 
the brain, a space between the medulla oblongata and the 
cerebellum. 

Above, the medulla oblongata is crossed in front by a thick 
transverse band, called the pons Varolii, which conceals the 
continuation of the fibres of the medulla upwards to the 
cerebrum, and sends its fibres into the cerebellum on each 
side. Below them the restiform bodies enter the cerebellum, 
and thus are formed what are called the middle and inferior 
crura cerebeUi; while the superior crura are a pair of bands 
which pass from the cerebellum to the cerebrum. A.U the 
14 K 
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fibres of the med'illa oblongata, with the exception of the 
restiform bodies, pass up to the cerebrum. 

The cerebellum is a 
large mass of brain, snb- 

Btance covered on the 
Burface with grey matter 
arranged in complex 
tranaverae laniinaB, with 
folds of pia mater be- 
tween theio. Its main 
buUc in the human sub- 
1^ ject consists of two large 
lateral lobes; bnt be- 
tween these, in a depres- 
sion or valUcvia b^ow, 
there is another portion, 
the infwior vermiform 
process ; while above 
there is an elevation 
where the lateral lobes 
rig. 99- — Under Surface o? Bhais. meet in the middle, the 
a, .Spinal cord cut acroaa below the giiperior vtrmiform pro- 

meiiullfl oblongata; on tna latter are j i . _^_r„ „ 

Been, from the middle line outwardB, <=«'*''. ^^ .^°^^ g-'^^" 
anttrior pyramids, olivary bodies, speoiaJ Bignificajice to 
ud restiform bodiea. 6, Pons Varolii ; these processes 13, that 
C infundibulum (the pituitarj- body t^ey correspond with a 

havine been removed) ; d, nyrt operti, „ - j jj i.i. ^^ ,t. 

or islld of Rail; e, sekkfn of de' f^'^'« *"*" \ ^ '^^ 
■oending comu of the left lateral beUum m other mam- 
ventricle, displayed by removal of mals, which in the lower 
part of the middle lobe of the hemi- ^rdera forms the ffreater 
sphere exhibiting action, of the ^ ^^ eti^cture. 

tsQia hippoc»mpi and hippocampus 1^ ,. j "° niuin,i,iiic 
major; /, cerebelltmi. 1, Olfaoton' "^ dtos there are no 
bulb; 2-9, Buccesaive cranial nerves, lateral lobes, and in 
marked each with its proper number, osseous fishes the cere- 
bellum is reduced to a mesial pouch, without lamination, 
whose hollow ia an expansion upwards of the continnation of 
the original central canal. In the human subject this hollow 
is seen in the roof of the fourthventricle, in front of the in- 
ferior vermiform process. 

The medulla oblongata, pons Varolii, and eerebelliMn, which 
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may be tanned collectively the epencephalon (Owen), occupy 

an inferior compartment in the back part of the cranium; the 

cerebellum being roofed in 

and separated from the rest 

of the brain aboye it by a 

septum of dura mater 

caUed the teiitorittm, cera- 

belli, which in some ) 

laals, as the cat, even 1 

contains & lamina 




145. The whole of tlio " 
bi-ain above the level of I 
the tentorium is included 
under the name of cere- 
brum, and is connected 
with the parts below by a 

neck or iathmus, in thick- Fig- 1^00.— Mesial Sec 
nesa about the size of : 
florin, which traverses t 
space left between the free 
edge of the tentorium and 
the body of the sph( 
bone. This iathmus 
seen from below, consists 
of two thick pillars, the 
crura cerebri, emerging 
above the pons Varolii, 
diverging as they ascend, 
and almost immediately 
concealed by the two cere- 
bral hemispheres. i" 

The c^ebral hemispheres in man form by far the most 
bulky part of the brain. They are covered with a thick 
coating of grey matter of stratified structure, exhibiting an 
arrangement of corpiiacles and fibres coaucctmg one part of 
it with another, and the whole with the parts of the brain 
from which the hemispheres arise, as illustrated in fig, 101. 
This grey matter is thrown into a number of eonvohiiiorts 
arranged on a definite plan, though varying in their finer 



([, Medulla oblongata ; 6, pona Va- 
rolii ; c, fourth ventricle, and, 
behind it, valve of Vienasens; d, 
iter, and, behind it, corpora qnad- 
Tigemina ; e, pineal body ; /, optic 
thalamus looking into the third 
ventricle, and, in front of it, an 
m passage from the third to 
! lateral ventricle, called fora- 
n of Monro ; g, left layer ot 
Heptum lucidnm bounding the fifth 
ventricle, and, beneath it, the 
fornix ; k, posterior extremity of 
corpus calloaum above the traos- 
veraa fissure ; i, optic nerve ; h, 
pituitary body ; I, one of the cor- 
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details in different individuals, and even on the two aides of 

Uie brain. They are absent in the lower orders of muminnliij 

become more abundant the higher 

_ _, we ascend m the series and reach 

their greatest complexity m man. 

Jlie only plausible explanation of 

the iise of these convolutions is this 

that grey matter requiring a nch 

\ \a8cular supply and only minute 

vessels being admissible within it 

1 '' increase of surface is a necessary 

condition of increase of bulk so as 

to bring its parts sufficiently near 

the pia mater in which the artenea 

for its noiinahment divide Nor is 

this supposition contradicted by the 

I presence of convolutions m the brams 

yi- of small animals for in them, the 

I I length of capillary travelled by the 

' blood m each circulation is likewise 

' small and therefore the distance 

I to which the blood can penetrate 

from the pia mater may be supposed 

to be in proportion to the size of the 

animil 

The hem IS] hei-es are m contact 
with \ ery nearly the whole extent of 
the cranial wall above the ten 
toriiim They are separated one 
from the other above bdimd and m 
front by a deep longxtudinal Jissure 
into which dips a process of dura 
mater called the Jalx cerebri at- 
tached behind along the middle line 
of the tentorium and in fi<:nt to 
the mesial part of the ethmoid bone 
At the bottom of the longitudinal 

-_ ,., „ ,, fissure they are united by a thick 

Kg 101 — raw MATTKn , __ ^ ■' . . j- 

or IKE CoNvoLCTioNs transversa commissure or bond of 
ideaJ vertical section junction the corpus callo&um which 
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presents a thick posterior border in front of the tentorial 
attachment of the falx, and at ita fore part curve? downwards 
behind the ethmoidal ~"~ 

attachment of that 
structure, to become , 
continuoua with 
thia lamina which y 
completes the floor of D 
the cavity of the brain 
in the middle line. 
The parts of 
hemispheres, which 
project forwarda, rest- 
ing on the anterior 
fossa of the skull, over 
the orbits, are called 
anterior lobes ; the 
parte above the cere- 
bellum are the poste- 
rior hbei, and the 
parts turning down 

bri, and resting in 
the middle fosste, oa 
the sphenoid and tem- 
poral bones, are dia- 
tinguifihed as the „ 

middle lobes. ^'^- "'^'T^"""*" ^,, ^^^- -A SP»«1 

lAo re 1. coru i °) °i cerebellum divided, and, 

14H. it a human ^bove it, tte valve of Vieaaaens partislly 
brain, or still better, divided ; c, corpora qnadrigemitia i d, d, 
the brain of any of optic thalami ; e, pineftl body ; /, /, cc«- 
the domestic quadra- P*>~ ^^Hf i?' l^' cerebral 1iemi«phere. 
, , ^ . , m section ; ft, corpus callosnin ; i, fornix: 

peds, be examined, j_ ;^ j^jeral ventricles ; 3, tlird ventricle; 
and the cerebellum 4, fourth ventricle ; 5, fifth veuferiele, 
be turned aside from. bounded on each side by septum Imridnm. 
the hemiapheres, the isthmus will be brought into com- 
plete view, and there will be displayed above it an eleva- 
tion divided by a crucial depression into four parts, and 
called on that aecount corpora, quadrigemiiui. Two tracts 
will also be seen, about half an inch separate, adherent to 
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the crura cerebri, and proceeding to the corpora quadrigemina 
from the cerebellum; these are the superior crura cerebelli 
already alluded to ; and, between these, a thin lamina, called 
valve of Vi&ussens, limited by the cerebellum behind and the 
corpora quadrigemina in front, forms the roof of the fore part 
of the fourth ventricle, as that hollow is continued forwards 
into a narrow canal or iter which passes beneath the corpora 
quadrigemina, and opens in front of them. ^^-t-^*- 

By reflecting the hemispheres well forwards off the crura, 
a pair of large elevations, the optic thcUamiy will be exposed 
in front of the corpora quadrigemina ; and, by dividing the 
corpus callosum and other structures, so as to permit more 
complete reflection of the hemispheres, still another pair of 
elevations, the corpora striata, will be seen in front of the 
optic thalami, and external to them. A soft body, about the 
size of a pea, the pineal body, will be likewise noticed 
attached by a slender connection in front of the corpora 
quadrigemina, and overhan^g them, imbedded in pia mater. 
It may be mentioned of this structure that it is remarkable 
in being present in all the divisions of the vertebrata, 
although in the lower forms represented by little else than 
vascular tissue, and in man consisting of degenerated brain 
structure. * ' .^ 

147. On the under surface, or base of the brain, the crura 
cerebri are crossed by two bands of fibres, which can be 
traced round the crura to the back parts of the optic thalami, 
and to the corpora quadrigemina. These bands, the optic 
tracts, meet in the middle line, and enclose a lozenge -shaped 
interval between the crura ; at their place of junction, the 
optic commissure, they exchange fibres, and in front of this 
they diverge as the optic nerves, or nerves of sight, to the 
eyeballs. In the lozenge-shaped interval, between the crura, 
are seen a pair of white bodies like small peas, the corpora 
albica/ntia, which are closely connected with the optic thalami, 
and in front of them a funnel of membranous grey brain 
matter, the infundibulum, leading to a firm body which lies 
in the sella turcica of the sphenoid bone, and is called the 
pituita/ry body — a structure certainly not nervous, of function 
quite unknown, but well developed in all divisions of the 
vertebrata. Outside the fore part of the lozenge-shaped 
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interval, on each eide lies a deep fissure, Jlsaure of Sylviui, 
separating the middle from the anterior lobe of the hemi- 
sjihete, and in this is concealed a group of convolutions, the 
island of Jleil, corresponding exactly in position with the 
corpora striata seen from the interior of the brain. On the 
under surface of the anterior lobes are the olfactory bulbs, 
from which the nerves of smell take origin. 

148. There are many other complications in the structure of 
the brain which have not been alluded to; but probably the 
best general conception of the whole organ will be obtained 
Ity looking now at some of the simpler forma seen in the lower 
animals, and in development. 

If we examine the brain of a codfish, we see at the back 
pait the " posterior" columns of the cord separate one from 
the other, so as to leave a hollow between them, with a 
mesial groove, which is continuous with the central canal of 
the cord, and is the fourth ventricle. Overlying this ia a 
mesial pouch, the cerebellum; in front of the cerebellum are 
two bodies, the oplia lobes, likewise hollow; and infront of the 
optic lobes is another pair of small bodies, which may be called . 




Fig. 103. — Bbaik ot a Cod. A, From above. B, From bdoW. 
a, Mednlla oblongata; 6, cerebellum; c, optic lobe; d, hemi- 
Bpbere-Teiide ; e, olfactory bulb ; /, /, optio nerves ; g, g, hypo- 
aria; ft, pituitary body. 
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liemUpliera-veeielcs ; vhile foremost of all are two oliactoi; 
|r)1)C!i or bulba. In frout of the medulla oblongata, on the 
under surface, are two masses 
placed close together with a slight 
ciciiitioii between tbem, the hypo- 
aria or inferior lobea, and imme- 
diatelj in front of them the 
pituitary body. The hypoaria lie 
beneath the optic lobeaj and, in 
front of them, apparentiy arising 
from the optic lobes, are the optic 
nerves, which, as they pass for- 
wards, cross one over the other, 
D that each supplies the eye of 
lie side opposite to that &om 
which it arises. 

In a turtle's brain there is no 
(lifiiculty in recognising the me- 
dulla oblongata, cerebellum, optic 
lobee, aad olfactory bulbs, and the 
olfactory and optic nerves; but 
the hemisphere-vesicles are much 
larger than in the cod. On open- 
ing up the brtun, the common 
ventricle, prolonged forwards mi- 
demeath the cerebellum, is seen 
to turn downwards, and terminate 
in a cul-de-gae at the pituitary 
body; and, above this point, it 
bifurcates to extend through the 
;,"^mcd''Zlcmgtlio hnmisphei-c-vesiclea and olfactory 
right sido. a, CocebeUnm; bulbs. In the floor of each hemi- 
6, optic lobo ; e, homi. sphere-vesicle is a thickened part, 
iqihuro; ./. olfactory bulb; j, ^^ striatum; and in the 

r, mnonl boily;/, opening -j. j? iu ■ i ii 

into infnndibiliim, nnd, ^ "^^ity of the vesicle there is a 
tlioloftof that, the clioToid digitate vascular expansion of the 
ploxiisjj, corpusBtriattim; pia mater, the choroid pUxus, 
' ''P"" 1®"'*- which enters from, the exterior 

at a spot on tlio mesial side of the vesicle, at its back 
part, where there is a breach of continuity in the brain 
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e Tesieular -wall. There is also another vascular 
t inwards of the pia mater, between the cere- 
bellum and the medulla oblongata, the choroid ploxua of the 
fourth ventricle. In this brain we miss the hypoaria of the 
brain of fishes; but it may be noted that, close to the position 
where they might be expected, there is seen in the interior a 
thickeaing at the sides of the mesial canal, where it dips 
down at its termination. The optic nerves at their deeussar 
tion are partially blended in an optic commissure, and behind 
that point are inseparable from the brain, and named optic 
tracts. 

In the brain of a bird, for example the turkey, the cere- 
bellum is no longer a mere hollow 
vesicle; its cavity is minute, its 
surface covered with grey matter, 
and thrown into deep transverse 
laminEB. The optic lobes project 
laterally, and even downwards, in- 
stead of upwards. There is a 
thorough decussation of the optic 
tracts. The hemisphere - vesicles 
when opened are seen to be covered 
with a very thin lamina, and iilled . 
■up by the projection upwards of the Fig- 105. — Bkain op a 
corpora striata, so that what are usu- ^^^*^^^^ . "j' ^rabef 
ally oaUed the hemispheres of birds, i^^'^^^, c^tio l7he; V 
may be said to consist principally of roof of bemuphere re- 
corpora striata. Between the hemi- fleeted to show corpua 
sphere-vesicles and the optic lobes striatum; e, optic nerve. 
there is a thick neck of substance, but no very important 
laasa deserving a name. 

149. If we pass now to a mammalian brain in a fcetal stage, 
Buch as the lamb's brain, in fig. 106, we have little difficulty 
in recognising corresponding or homologous structures. The 
medulla oblongata and cerebellum are obvious. In front of 
the cerebelhmi are the optic lobes, placed superiorly as in 
reptUes and fishes, and conatitutii^ the structures divided in 
mammals by a crucial depression into four parts, and called 
the corpora quadrigemina. In front of these are the hemi- 
Bphere-vesiclea containing the corpora striata; but a littlo 
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care suffices to turn the hemisphere-vesicles outwards, and 

then come into view between them the optic thtdami, in 

this early stage united, like the corpora quadrigemina, one 

with the other, over the mesial canal, and covered with pia 

mater. Along by the anterior and outer margin of each 

of the optic thalami, a fissure is seen between it and the 

hemisphere- vesicle, at which, as in the turtle, a large choroid 

plexus enters; and the ruptured margin of the vesicle has its 

edge turned away from the middle line into 

the interior of the cavity. At a later period 

this everted part adheres, across the middle 

line, with its fellow of the opposite side; 

and thus is formed a structure peculiar to 

mammals, the fornix^ separated from the 

corpora quadrigemina and optic thalami by 

a transverse fissure, containing the invagi- 

106.— Brain nated part of the pia mater supporting the 

Embryo choroid plexus, and called the velum inter^ 

Lamb, ^^^^ positum. At a still more advanced period 
above and the ^^ ^ • i^i .i j- j. Vr 

right side, a, ^f embryonic growth, the adjacent Biuiaces 

[Medulla oblon- of tho hemisphere-vesicles become joined 
gata; 6, cerebel- together by development of the corpus cal- 
^^™(ir^' ^'^^^^^^ losum, which is imited posteriorly to the back 
S^opt/c thalami; P^^ ^^ *^® fornix, then arches forwards at a 
e,' right hemi- higher level, and turns downwards in front SO 
sphere - vesicle as to enclose a mesial space above that body. 
reflected^/,^c^- ^j^q p^^g ^f the walls of the vesicles limit- 

EJ>und\hropenl ^^S ^^^ ^^^sial space continue very slender, 
ing into the la- and constitute the septum lucidum; and the 
teral ventricle space itself is termed the ^^Ave7i^ric?6. The 
is the nidimen- cavities of the hemisphere-vesicles are called 
cSoid^Sexus, *^® lateral ventricles; the space between the 
which, at this velum interpositmn and optic thalami, as 
period, is ex- well as between these bodies, is the third 
ceedingly large, ^gy^^^^^ y the fourth ventricley as has already 
nToved ^^^ ^^ been stated, is the space between the cere- 
bellum and medulla oblongata; and the 
canal continued forwards from this, beneath the corpora 
quadrigemina, is called the iter (a tertio ad quartum verir 
^riculum) or aqv^duct of Sylvius, 



SmUCTUBE OF T1!C ESCEPHALON. 



la the developed brain, the fissures into the lateral ven- 
tricles, converted by the adJieaion of the lateral halves of 

the fornix into one trans- 

veree fissure as pointed out, 

extend round the cmra 

cerebri to the extremity of 

the middle lobe of the 

bnun at the inner end 

of the fissure of Sylvr 

and the extensions of the i 

lateral ventricle'' into t 

which they open are called j| 

the descendtng comua, i 

margia of the figure in 1 

each descending coma i3 

bounded by a slender pro 

longation of the fornix, 

called tcenia hippocampi, 

because it lies beside a 

convexity of the floor of Fig.107.— TuBLiTEEAt^ENTRicLKs, 

the corau, the kippocanmus "■ I'oaterior border ot corpus coUo- 

m«i"/w *>iH ™>b/m-.Vh- uTifl ^u™; ^' ^f""* "^ corpus oallosum, 

tmjor. tbe poe(ww and ^^^ below it fitthventi^de, bounded 

anterior comua beingblmd bythelayeraoftheseptumlucidum; 
c, fomii, and, beyond it, the cho- 
roid plexus; d, corpus striatum, 
and, between it and the fornix, a 
portion of the optic tbalamus ; e, 
section of corpus striatum; /. de- 
scending comu of literal ventricle, 
with hippocampua major in ita 
Hoor, and ttema hippocunpi in 
front; g, hippocampus minor m the 
>r of the posterior comu. 




pouches in the correspond- 
ing lobes. In front, the 
forais dips down in the 
form of a couple of pillars 
in front of the optic 
tlialami; and these pillai's, 
after dipping to the base 
of the brain, and foi-ming 
the corpora albicantia, twist 
upwards, and enter, each ono, the optic tlialamus of Jts own 
side. The fornix ia thus a band of junction between the 
back parts of each hemisphei-e and the corresponding optio 
thalamus. 

In leaving this <h£Ficiilt subject, it ia necessary to point the 
student's attention to one point which appears to have escaped the 
attention of anatomists, but which, to me at least, is pretty obvious 
horn. cousideraticnB oUudud to in the preceding descH'gU'^a, 'iimoi'^ \ 
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tliat tlio Lypoaria of fishes corrrapond with the optic thalami of 
mammaLs. In corroboration of this view, it may be mentioned that 
in various fishes the optic nerves arise from the hypoaria as weU as 
from the optic lobes or corpora qnadrigemina. No donbt the optic 
thalami look upwards, and the hypoaria downwards; but in their 
first development the optic thalsmu are directed downwards, the 
embryonic vesicle from which they are derived (p. 287) being tamed 
directly do\%'n; and in the position of the optic lobes of birds, as 
compared with those of other animals, we have a parallel instance 
of homologous brain-masses being developed in the adult state in 
di fie rent directions. My excuse for mentioning this in an elementary 
work is, that without recognition of this hitherto unappreciated point 
the simplicity of the brain cannot be recognised. 

150. Cranial Nerves (fig 99).— From the under surface 
of the brain, a number of nerves emerge which are termed 
cranial. They difier greatly among themselves, both in size 
and function, and are variously nimibered by different 
anatomists. But none of the methods of enumeration have 
the smallest title to be considered scientifically accurate; for 
they all agree in attempting to reduce to a linear series 
structures which do not serially correspond; therefore it is 
well to be guided by motives of convenience, and follow the 
plan generally adopted by English writers. 

The Jlrst pair, the olfactory nerves, devoted to the sense of 
smell, are brushes of exceedingly soft and delicate filaments, 
given off from the under surface of the olfactory bulbs already 
alluded to as lying beneath the anterior lobes of the cerebral 
hemispheres. These olfactory bulbs are much more largely 
developed in the majority of mammals than in man, and in 
some of them have cavities communicating with the interior 
of the brain. They are, in fact, vesicular outgrowths from 
the brain. 

The second pair, the optic nerves or nerves of sight, come 
off, as has been already explained, from the optic commissure. 
Development shows that they also are vesicular outgrowths 
from the brain. 

The third, fourth, and stxt/i pairs are all of them small 
motor nerves, which supply muscles of the eyeball, the third 
and fourth appearing above the pons Varolii, and the sixth 
below it. 

The^/5A pair, the trifacial nerves, are large trunks, whose 
fibres take origin in the medulla oblongata, and pierce the 
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pons Varolii. They resemble the spinal nerves, in consisting 
each of a motor and sensory root; and in the sensory, which 
is much the larger, having a ganglion on it. The sensory 
part separates into three divisions, and supplies the scalp in 
front of the ear, and all the face, as well as the teeth and a 
large part of the tongue, with sensation ; the motor part 
mixes with the thud division of the sensory, and is distri- 
buted to the muscles of mastication. 

The seventh pair consists of two portions, which emerge 
on the surface of the brain, in the angle between the crus 
cerebri, the cerebellum, and the medulla oblongata, and enter 
the temporal bone together. One portion, the portio mollis 
or auditory nerve, is the nerve of hearing, and is distributed 
within the bone; the other, the portio dura or facial nerve, 
is conducted through the temporal bone, and proceeds to the 
face to supply the muscles of expression. Within the tem- 
poral bone, the portio dura gives off the chorda tympani, 
which traverses the tympanic cavity, and joining with the 
lingual branch of the fifth nerve passes to a small ganglion, 
the submaxillary ganglion, and is the nerve alluded to at 
p. 64 as governing the secretion of the submaxillary gland. 

The eighth pair comprises three pairs of trunks, which arise 
from the medulla oblongata, and leave the skull by one pair 
of apertures. (1.) The glossopharyngeal nerves supply sensory 
branches, devoted to tiie sense of taste, to the back of the 
tongue, and motor and sensory branches to the pharynx. 
(2.) The pneumogastric or vagus nerve is both sensory and 
motor; it descends on the cesophagus to the stomach, and 
filaments may be traced from it even to the viscera. It 
supplies, in its course, branches to the pharynx, larynx 
and limgs, and the heart, and is intimately associated with 
the sympathetic, in connection with which it will be again 
referred to. (3.) The spinal accessory is entirely motor, and 
consists of two parts, of which one, the accessory, joins the 
pneumogastric, while the other is distributed to two large 
muscles, the stemo-mastoid and trapezius. 

The ninth pair, or hypoglossal nerves, are the motor nerves 
of the tongue. They emerge from the medulla oblongata 
behind the olivary eminences, which separate them from the 
eighth pair in front of these eminences. 
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151. Functions of the Bncephalon. — The medulk 

o})longata is principally remarkable for its connection with 
respii-ation. Kes})ii*ation is a reflex act in which a stimulus 
is ai)]>ai*cntly furnished by the una^rated blood, an impressioii 
is conveyed to a nei-vous centre, and an impulse proceeds 
thence, producing a co-ordinated movement of the muscles of 
the chest. No doubt these movements are capable of con- 
sideraljle control by the will, but they are continued in con- 
ditions of unconsciousness; and, although by an eflfort they 
mcay bo delayed for a moment, the impulse soon becomes 
imperative, and breaks through all restraint. The centre 
engaged in this reflex action is the medulla oblongata; and 
that part of the brain is, therefore, of the utmost importance 
for the continuance of life. The whole of the rest of the 
bi-ain may be gradually j*emoved without any interference 
with respiration; also the spinal cord may be divided at 
diflerent levels; and only when the section is made high up 
in the neck, above the origin of the (phrenic) nerves which 
supply the diaphragm, is respiration materially aflFected; but 
when that poi'tion of the medulla oblongata is removed from 
winch the vagus nerves take origin, I'espiration ceases at 
once, and the animal dies. This does not arise from mere 
interference with the functions of the vagus ; for that pair of 
nei'ves may be divided, and respiration continues, although, 
no doubt, the entrance of air into the windpipe is interfei'ed 
with by paralysis of the larynx, and even when that incon- 
venience is remedied by an aiiiificial opening into the trachea, 
death results after a time from the iiTitation of foreign bodies 
entering the lungs. The sudden death which follows removal 
of the upper part of the medulla oblongata is, therefore, only 
to be accoimted for by that part being the centre from which 
the respii^atory movements receive their impulse. It is like- 
wise the centre engaged in the act of swallowing, which, like 
respiration, continues to be performed after removal of tlie 
rest of the brain. 

Being the centre which governs respiration, the medulla 
oblongata is likewise to be regarded as the centre engaged in 
various spasmodic actions of an occasional kind. In cough- 
ing, an irritation of the pneumogastric nei've excites first a 
spasmodic closure of the glottis, and afterwards a convulsive 
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expiration, by which the air torces its way out at tlie con- 
tracted opening. In sneezing j an irritation of the fifth nerve 
leads to a convulsive expiration with the glottis open, but 
the tongue raised so as to divert the expelled air from 
escaping by the mouth, and send it through the nostrils. In 
hiccough, the glottis is shut, and a momentary spasmodic 
contraction of the diaphragm and abdominal walls takes 
place ; while in vomiting, a similar action is more prolonged. 
The walls of the stomach appear to take no part, or only a 
secondary part in vomiting; for a dog, in which the stomach 
was replaced by a bladder, was made to vomit perfectly, by 
injection of tai'tar emetic into its veins (Magendie). The 
excitation of the reflex action in vomiting is not always 
the same, for it may be the result of irritation of the fauces, 
or may be induced by nausea, an ill-understood sensation 
depending on disturbance of the cerebral circulation. 

It may be fuiiihur mentioned that irritation of the medulla 
oblongata in the floor of the fourth ventricle, produces 
artificial diabetes, that is to say, sugar in the urine. This it 
does by paralysing the blood-vessels of the liver, and so lead- 
ing to an abnormal amount of sugar being thrown into the 
blood. 

152. When one of the crura cerebri or optic thalami is divided 
or destroyed, total paralysis of both sensation and voluntary 
movement is the result. When the cerebellum is removed, 
the power of standing, and of all steady and definite move- 
ment is lost, although the animal continues to move its limbs 
in its attempts to stand and walk. It seems as if the impulse 
to voluntary movement descended from the optic thalami, 
"while the power of co-ordination of movements resided in 
the cerebellum. 

When the corpora quadrigemina are destroyed, total blind- 
ness results; and when only one side is destroyed, there is 
blindness in the opposite eye, a result to be accounted for by 
the crossing of fibres in the optic commissure. It is curious 
that injury to the optic thalami appears to have no eflfect on 
vision, although the optic tracts arise in part from those 
bodies, as well as from the corpora quadrigemina. 

With regard to the corpora striata, experiment gives none 
but negative evidence, while tjio study of development and 



t 



208 ANIMAL PHYSIOLOGY. 

comparative anatomy show them to be properly considered 
as part and parcel of the cerebral hemispheres. 

It has already been pointed out that in early development 
the corpora striata make their appearance in the floor of the 
hemisphere-vesicles ; they are covered with grey matter on 
the surface, continuous with that which lines the whole 
cylinder of the cerebro-spinal axis; and they have other 
patches of grey matter within them, which, when cut across, 
present the striated appearance from which the bodies are 
named; and the lowest of these is in communication with the 
island of E;eil, so that a communication is here established 
between the grey matter lining the cerebro-spinal canal, and 
that of the cerebral convolutions. We have seen also that 
in different animals, while the corpora striata and oerebiul 
hemispheres are intimately connected, they are very variously 
proportioned one to the other; for, in fishes, one pair of 
structures represents both; in the turtle a small corpus 
striatum lies at the bottom of each hemisphere, looking into 
the interior of its vesicle; and in birds, the islands of Beil 
and corpora striata form the greater part of the hemispheres: 
indeed, in the common fowl, the hemispheres consist of 
scarcely anything else; and when a physiologist, in vivi- 
section, slices what he terms the hemispheres from a fowl, he 
in reality, removes in the upper slices the corpora striata 
covered with a thin membrane representing the roof of the 
hemispheres. 

153. The cerebral hemispheres are the parts of the brain 
connected with the higher operations of intelligence. The 
expermient just alluded to, as performed on fowls, can bo 
performed less easily on manmials; but the result in both 
cases is the same, namely, that the larger the part of the 
hemispheres taken away, the less intelligence remains. The 
effect of removal of the hemispheres from a pigeon is gra- 
phically described by Dalton, the American physiologist. 
" The bird remains sitting motionless on his perch, or stand- 
ing upon the ground, with the eyes closed, and the head 
sunk between the shoulders. Occasionally, the bird opens his 
eyes with a vacant stare, stretches his neck, perhaps shakes 
his bill once or twicej-or smooths down the feathers upon his 
shoulders, and then relapses into his former apathetic con- 
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dition. This state of immobility , however, is not accompanied 
by the loss of sight, of hearing, or of ordinary sensibility. 
All these functions remain, as well as that of voluntary 
motion. If a pistol be discharged behind the back of the 
animal, he at once opens his eyes, mores his head haJf round, 
and gives evident signs of having heard the report; but he 
immediately becomes quiet again, and pays no further atten- 
tion to it. . . • Longet has found that by moving a 
lighted candle before the animal's eyes in a dark place, the 
head of the bird will often follow the movements of the 

candle from side to side, or In a circle The 

limbs and muscles are still under the control of the will; but 
the will itself is inactive, because, apparently, it lacks its 
usual mental stimulus and direction.'' 

It is difficult, however, to say how far that part of the 
nervous system extends on which the existence of conscious- 
ness is dependent. Possibly it reaches over a greater area 
in the lower than the higher animals. A decapitated frog 
can be made to leap, and will thrust objects aside when 
initated; and although these movements are sometimes said 
to be reflex, it is not easy to understand how they can be 
so. But, imdoubtedly, all the higher manifestations of con- 
sciousness which constitute intelligence, depend on the 
cerebral hemispheres. On comparing different kinds of 
mammals, it is found that increased development of the 
hemisperes and complexity of the convolutions into which 
their surface is thrown are associated with increased intelli- 
gence. In rodent animals, such as rabbits, the hemispheres 
are small and smooth, while in apes, they are proportionally 
larger, and are more highly convoluted than in any animal 
but man. Even in the higher races of men, the convolutions 
are more complex than in the lowest. The circumstance 
that disease of the grey matter of the hemispheres is liable 
to be accompanied with intellectual derangement, likewise 
points to a connection between the hemispheres and intelli- 
gence. _r - 

But if the sensorium, or seat of consciousness, be confined 
to the encephalon, the question arises : How do we become 
aware of impressions made at the surfiEu^e of the body? The 
old physiologists believed in the dif^sion of consjc^kiv^sss^s^iesw 
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through a sensonum commune extending throngliont the 
nervous system; but the loss of all sensation in parts whose 
nervous communication with the brain has been severed puis 
an end to that theory. At the present day, it is customary 
to say that the mind refers impressions received at the brain 
to the extremities of the nerves by which they have been con- 
ducted. But it is perfectly certain that there is no separate 
nervous communication between the brain and each point of 
the surface of the body in which sensations can. be dis- 
tinguished. The question is of the utmost interest psycho- 
logically, but is still unsettled. Personally, I believe that 
the only tenable theory yet put forward is that which I have 
elsewhere broached, viz., that while consciousness is dependent 
on the encephalon, the sensorium extends thence, so far as 
there is, at any moment, unbroken continuity of nerves in 
the active or impressed condition, 

154. It is frequently supposed that different parts of the 
hemispheres are connected with different faculties of the 
mind J and the opinion that the frontal, parietal, and occipital 
regions are devoted respectively to the intellectual powers, 
moral faculties and appetites, or in some other way differ 
in function, is not confined to the believers in the system 
founded by Gall, and commonly known as phrenology/. But 
there is no foundation for any such supposition. On the 
contrary, the evidence points to an opposite conclusion. 
Serious damage to the hemispheres, of a limited description, 
often occurs without loss of life, and such cases may occur 
without any apparent interference with intellectual functions. 
A tumour may press on some particular part of a hemisphere 
without producing any disturbance, and bodies have pene- 
trated the brain, and portions of brain protruding from 
wounds have been removed by surgeons, without any obvious 
impairment of the mental faculties. Not only so, but the 
kind of disturbance which is liable to occur from such injuries 
does not vary according to the site of lesion, so as to affect, 
in one instance, the faculties of perception, in another the 
disposition, and in a third the powers of volition, as might 
be expected, were phrenological theories true. 

In recent years a little colour has seemed to be given to 
the theory of separate organs in the cerebral hemispheres^ by 
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the discov^iy that imperfections of speech, constituting a 
condition called aphasia, arise from disease of a limited por- 
tion of the brain, immediately outside the island of Keil, 
particularly on the left side. In these cases the affections of 
speech are very various, but always depend on mental defi- 
ciency and not on paralysis of the tongue. In some instances 
there is total dumbness, in others, incapability of clearly 
uttering any word; and in a larger number of cases, certain 
words and phrases are pronounced perfectly, but they are 
not the words which convey the idea which the patient 
wishes to express. Perhaps some word is repeated on all 
occasions; and even when the right expression is suggested 
to the patient, he is unable to employ any other than that 
which he keeps repeating, although quite conscious of his 
blunder. The very variety, however, of these cases of 
aphasia, shows that they do not arise from damage to the 
organ of a specific faculty. It is more rational to recognise 
in them the result of a lesion which interferes with the 
consentaneous action of the different parts of the hemisphere, 
by attacking the fibres where they emerge from the corpus 
striatum to proceed to every part. And we may well believe 
that consentaneous action of the hemispheres is especially 
required in so complex a process as conversation, which 
requires a nimiber of distinct mental operations to be carried 
on at one time. 

155. A consideration of the different mental operations re- 
quired in talking, is exceedingly instructive. The attention 
of the speaker is directed principally to the idea which he 
wishes to express. And, if engaged in a continuous dis- 
course, he must at the same time think of the sequence of his 
utterances^ and especially what is immediately to succeed the 
sentence with which he is engaged. The choice of words 
wiU alao occupy his mind to a recognisable degree; but apart 
from this intentional choice, there is the choice of the simpler 
grammar and names of objects, which are so habitual that 
we fail to separate them in our thoughts from the ideas 
which they express. Still less attention is devoted to the 
complex movements of the organs of voice and speech; 
although they are all performed in the service of the mind, 
and it was with mental effort in infancy that we learned, by 
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means of observation and imitation, to accomplish them. 
Gesture also accompanies speech without attention being di- 
rected to it; and, except in exceedingly rare cases of mental 
absorption, the speaker during all these mental actions is 
able to note what is going on aroimd him. 

The exactitiide of the tongue in speech furnishes but one 
of many instances of complex movements performed under 
mental stimulus, without perceptible attention being given 
to them; the movements of the limbs in walking affoid 
another example; and these are the kinds of acts which are 
sometimes, although erroneously, called uncanacuyus cerebror 
tion. They are precisely like other voluntary movements, 
only the effect of habit on the mind is such that the mind 
gives the stimulus to the nervous system to accomplish them, 
without expenditure of attention. But the mind not only 
may initiate commands without devoting attention to them; 
it may receive impressions in like maimer; and it often 
happens that an impression received without perceptible 
attention will lead to a customary act. Thus, a rider, with- 
out conscious effort, accommodates himself to the movements 
of his horse, and a sailor balances himself on board a ship. 
An act so performed may well be called cmtomatic; but the 
term acquired reflex action sometimes given to it is of more 
doubtful propriety; for in true reflex action there is an 
unbroken sequence of physical changes, while, in such actions 
as these, a physical cause produces a psychical effect, and 
psychical change is the stimulus to the movement. 

156. The most moderate exercise of the mental factdties, 
the mere continuance of consciousness, appears to involve 
exhaustion of the brain, and necessitates restoration of its 
vigour by sleep. Of the physical relations of sleep very little 
is known. It has been pointed out that the circulation in 
the brain is less active during sleep than at other times, but 
this is not proved to be constant; nor, supposing it to be 
so, does it sufficiently explain the state of unconsciousness. 
It may, however, be fairly assumed that the passage of the 
brain into a condition of inactivity, is the cause of the 
cessation of mental action. Just as some muscles, for ex- 
ample the fibres of the heart, move ceaselessly, while others 
require rest, so some of the nervous centres, including ih© 
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ganglia which immediately govern the heart, are in con- 
tinual action, while others, including the cerebral hemi- 
spheres, require considerable pauses for the renewal of their 
activity. -- -v 

Breams, like sleep, are only imperfectly understood. Their 
main peculiarity consists in a certain amount of mental 
activity existing, with complete or almost complete cessation 
both of impressions from the organs of sense, and of voli- 
tionary impulses to the muscles. In these circumstances, 
the pictures of memory and imagination come into the fore- 
ground, unrepressed by the stronger representations of sense, 
and assiune the appearance of reality. One idea suggests 
another, and each one which is sufficiently vivid has in turn 
the semblance of reality;, and from this arise the strange 
shifting of scenes and curious confusions with which every 
one is familiar. 

Apparitions, and other illusions from mental causes, are to 
be accounted for in a similar way. Many well authenticated 
instances are on record of figures appearing to persons other- 
wise perfectly sane. Among them may be mentioned the 
case of Nicolai, the Berlin bookseller, who saw persons in 
the room with him, when he knew that there was in reality 
no one present; but so far from being disturbed by these 
apparitions, made them the subject of study and recorded 
the details. In his case, they were traced to the neglect 
of a customary bloodletting, and disappeared afber leeching. 
In such rare occurrences there is the same prominence of a 
mental picture as occurs in dreams; but, in dreams, t^iat 
prominence results from the absence of sensations origi- 
nated by contact with the outer world; while, in appari- 
tions, it is the consequence of some pathological action within 
the brain. ^ — ^ 

In sorrmomhulism, the mind is likewise occupied as in a 
dream; but the ideas which possess it, while others have been 
excluded, become so strong that the apparatus of volimtary 
movement and of the senses are thrown into action in an 
automatic fashion, the attention being directed to the all 
absorbing imagination. The mesmeric trance is a very similar 
condition, in which the will is altogether governed by the 
ideas impressed by another person. 



167. The Synpt 
thatio STBtem. — Thu 
is tlie poiidon of the 
aervouB Byatem by -which 
the Tisoera are princi- 
paJly sapplied. Hw 
primaiy piut oonsiBto of 
two chnins of gEmglia, 
one on each, side, in 
front cf the Tertebral 
column, called the pn- 
vertebral ehaint, at the 
great 9t/mpathetie. 
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and sacral Fc^ionfi, then 
chains presenta ganglion 
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corresponding ganglion. 
Inferiorly the two chum 
meet together in a ga»- 
glion impar in ^nt of 
the coccyx. Bi the neck 

Fig. 108. — SmPATHRio 
Sy3t™ or Nbbtbs. o, 
Superior cerrical gan- 
glion, froia which tha 
B^patlietia dhmin ia oon- 
tmned regnlarly down- 
words M f>r as the ooo- 
cyz, wker* it comniiuii- 
cates with its fallow. It 
IB likewise eontinned ii^ 

At b, the chtuna fd oppo- 

Bite Bidea commTuucate 

behind the upper indson; 

c, cardiac plexus ; li, aclar 

pleiul ; t, hfpoglLsiric plexus; /, rcnil aud BDpra-raial plexuf. I 

and 2, !F^rst and accond diviaiauH oi fifth cranial nerve ; 3, Ta^ 

Mrvc; i, finrt «piiial nerve. 
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there ax© only three ganglia, but they communicate "with 
all the cervical nerves; and the uppermost ganglion, which is 
the largest, sends branches upwards into the skull, round 
the internal carotid artery. Within the skull the chain 
can be traced^ in somewhat irregular fashion, communi- 
cating with the fifth and other nerves; and two cords pass 
forwards, one on each side of the septum of the nose, to 
unite on the palate behind the incisor teeth, and form the 
superior termination of the chain, at the spot which I once 
demonstrated, and still hold, to be the arch of the foremost 
segment of the skull. . 

In the neck, the sympathetic chains give off branches to 
the heart; and in the chest they send twigs to the lungs. 
Prom the thoracic ganglia there likewise descend three pairs 
of splanchnic nerves, which form a very large plexus in the 
upper part of the abdomen, the solar pleocus. This plexus 
contains two large semilunar ganglia, and sends branches 
along the blood-vessels to the stomach, liver, intestines, 
and other abdominal viscera, and communicates by large 
branches on the aorta with the hypogastric plexus, 
which is placed within the pelvis and supplies the viscera 
there. 

The sympathetic system is especially devoted to the supply 
of the viscera and blood-vessels, but it is by no means inde- 
pendent of the cerebro-spinal system; as is proved anatomi- 
cally by its close connection with the pneumogastric nerves 
and its communications with the spinal cord, and physiologi- 
cally by the conveyance of influences through it from the 
cerebro-spinal axis. That nervous influence is so conveyed 
is illustrated by many familiar effects of mental conditions 
on different visceral actions, but still more explicitly by 
the effects of experiments on the nerves to the blood- 
vessels. 

158. The va>s(Hnotor nerves, or nerves to the arterioles, form 
an important part of the sympathetic system. When in action, 
they contract the muscular coats of the vessels, and limit the 
amount of blood to the part supplied by them; and it has 
been already pointed out (p. 125), that division of the sym- 
pathetic in the neck causes paralysis, and consequent disten- 
sion, of the arteries of the head. But division of the spinal 
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cord in the cervical region produces paralysis of the blood- 
yessels of the whole bodj; and other experiments show that 
the great vaso-motor centre of all the vessels is situated in 
the neighbourhood of the medulla oblongata; and that while 
the vaso-motor nerves of the head and neck leave the cord 
at the base of the neck to reascend in the sympathetic, those 
to the rest of the body issue by the anterior roots of the 
spinal nerves. 

The heart receives its nervous supply partly from the 
sympathetic, and partly from the pneumogastric nerve. 
Irritation of the sympathetic accelerates its action, as also 
does irritation of the branch of communication between the 
spinal cord and the inferior cervical ganglion of the sym- 
pathetic. Thus the heart may be said to receive its 
motor supply similarly to the arteries. But what is much 
more remarkable is, that irritation of the pneumogastric 
diminishes the frequency of the heart's action, and ii 
carried sufficiently far arrests it. This it does by pre- 
venting in some way the normal impulse to contraction; 
for the arrested heart has its walls relaxed, and contracts 
on application of dii*ect stimulus, and therefore the in- 
hihitory action, as it is called, cannot be explained either 
by spasm or exhaustion. 

There are other instances of similar inhibitory actions. 
Thus, if one of the sensory nerves of a rabbit's ear be 
divided, and its central end stimulated, the vessels of the 
ear dilate; and in the case of the submaxillary salivary 
gland of a rabbit, while irritation of the sympathetic con- 
tracts the blood-vessels, irritation of another nerve dilates 
them and increases the secretion. Such phenomena have 
led to the use of the expression inhibitory nerves; but the 
use of that phrase must not lead it to be supposed that the 
inhibitory action is in any case direct. The dilatation of the 
vessels of the submaxillary gland is explained by the consider- 
ation that nerves end in the secreting cells, and that increased 
action of the cells may well attract more blood; and cases 
which cannot be explained in a similar fashion may possibly 
be all of them the result of action on nervous centres, and 
not on terminal organs. It is not conceivable that nervous 
impression oould have two antagonistic effects on a musclei 
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according as it came by one nerve fibre or another; but tbe 
beart has ganglia within it, and it can be understood that a 
nervous current from one source might divert another current 
out of its usual channel, or possibly oppose its passage through 
a ganglion. 



CHAPTER XV. 

THE SENSES. 

The senses are ^re in number, namely, common sensation 
and the four special senses; and the special senses are natur- 
ally arranged in two pairs, taste and smell giving sensations 
of a simple kind, while the sensations of sight and hearing 
are of a far more complex description, and produced by the 
action of exceedingly complex organs. 

159. Common Sensation includes feeling and touch. In 
feeling, the mind has simply the idea of a condition of the 
body; while from touch it receives an idea of properties of 
external objects. Pain, tickling, and a sense of warmth or 
cold are instances of feeling which are not necessarily accom- 
panied with touch. 

Although the variety of common sensation constituting touch 
is confined to the surface of the body and to the mouth, and the 
skin, with its nerve terminations, already described (p. 68), is 
the principal organ of this sense, feeling is not confined to the 
surface. Pain, as we all know, may be felt in the deep 
parts; and there is another form of feeling in deep tissues 
which has excited a good deal of attention, namely, musctdar 
sense. Although the mind is unconscious of the particular 
muscles which exist in any part, it is yet able to regulate 
their contraction, so as to produce and direct every move- 
ment with precision, which it could not do without a know- 
ledge of the position of the parts. No doubt this knowledge 
is only partly due to a sense of the state of the muscles, as 
may be illustrated by the consideration that in moving one's 
fingers there is little sense of action save in the fingers them- 
selves, although we know that the muscles which flex and 
extend the fingers are really in the forearm; but w© can 
make the muscles of a limb rigid by an effort of the will 
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without changing the position of the limb, and this rigidity 
is accompanied -with a peculiar sensation. Also, the sense of 
muscular exhaustion or weariness is derived, in part at least, 
from the muscles themselves; and the sense of resistance 
consists partly in a feeling of the expenditure of a certain 
amount of muscidar exertion which meets with opposition. 
That, however, is only one element in the sense of resistance, 
and one which comes into play only when there is muscular 
action; but suppose that the head is reclined, and that 
something comes in contact with it, the force of the contact 
and the hardness or softness of the object are both appre- 
ciated, although no muscles are brought into play, and 
although there are none in the part which has been touched. 
Obviously, in such circumstances, what is appreciated is the 
character and degree of the pressure exercised against the 
skin. 

And now, if the student, having considered these different 
varieties of feeling, will attempt to analyse what touch con- 
sists in, he will find that it is not a different sense from 
feeling, but only an application of it, accompanied with a 
judgment of the mind. The hardness or softness, roughness 
or smoothness, of the object touched, exercise different kinds 
of pressure on the skin, and can be examined by means of 
more or less muscular exertion; while the sense of the posi- 
tion of the touching organ enables us to determine the form 
and extent of the object. 

The sense of temperature has some claim to be considered 
as distinct from all others; for rare instances are on record 
of the loss of this sense in a limb, leading to the exposure 
to severe injury from burning, while the other varieties of 
common sensation remained. 

160. An important element in delicacy of touch consists in 
the localization of the feeling excited by contact; and an at- 
tempt has been made to measure the degree of sensitiveness of 
different parts of the surface, by ascertaining how nearly two 
points, say the points of a pair of compasses, may be approached 
one to the other, and yet be distinguished as separate when 
simultaneously laid against the s^n. Judged in this way, 
the tongue is more sensitive than the fingers, and the back 
lias very little sensation. But if the student try. the experi- 
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ment for himself, he will find that this is a test simplj of the 
power of localization of sensation, and that of the three parts 
mentioned, the back is the most acutely affected bj a given 
amount of pressure; it is the part on which the pressure of a 
fine point most quickly causes pain. The reason of this is 
not very far to seek. The epidermis of the back is much 
thinner than that of either the tongue or the fingers, and 
therefore when an object touches it, the nerve-extremities 
are less protected. On the other hand, the nerve-extremities 
are far more numerous in the tongue and fingers, and a given 
irritation produces a slighter impression on a greater number 
of them. When the impressed condition of a nei*ve is carried 
to a certain pitch of intensity, pain is the result; but when a 
number of nerves are impressed in a slighter degree, increased 
information is obtained. Thus it happens that the back, 
with few nerves and comparatively thin skin, is highly sensi- 
tive, but a very poor tactile organ; while the fingers, with 
many nerves and thick cuticle, bear rougher usage without 
pain, at the same time that they are useful for touch. 

A very common experiment illustrates that a distinction 
must be drawn between the localization of impressions on the 
surface of a touching organ, and the sense of the position of 
the organ, spoken of in a previous paragraph. If the middle 
finger be crossed over the back of the forefinger, and a pencil 
or a pea be placed between the tips of the two fingers, the 
sensation produced is not that of a single roimd object, but 
of two distinct objects; and if the eyes be shut, the illusion 
will be complete. The reason is, that while each finger con- 
veys a correct tactile sensation, the mind fails to recognise 
the exact relative positions of the unusually placed tactile 
surfaces. 

161. All the finer differences of touch disappear in pain. 
Heat, cold, chemical and mechanical irritation, all produce 
pain when applied in excess; and although the character of 
the pain varies with the nature of the damage done to tex- 
ture, in no case is there any resemblance between the pain 
and the sensation caused by a minor degree of the stimulus. 

Pain, then, may be considered as a sensation distinct from 

others, and resulting from an excess of the impressed condi- 

tion in a sensory nerve; indeed, it may be felt in parts which 



SHELL. 221 

af6 fioi otherwise endoweil with feelmg, ^, for example, the 
stomach and intestmes. Allied to it there are various other 
Bensations, not belonging to any of the £ve senses, but which 
may be here alluded to. Among them are some which are 
pathological, such as num,lmeM, arising from derangement of 
the conditions necessaiy for the normal activity of tike nerves 
of any part, and giddinees and nausea, which owe their origin 
to deranged conditions within the brain. Hunger and thirst 
are more healthy sensations, which are of an exceedingly 
curious kind; for while the one is felt in the stomach, and 
the other in the throat, both are greatly dependent on the 
general state of nutrition of the body. Indigestible sub- 
stances give only a very temporary relief from hunger, while, 
on the other hand, the stomach may be quite empty withont 
the sensation existing; and thirst is only partiajly relieved 
by the mere contact of fluid with the fauces. 

162. Smell, the sense by which we distinguish odours, is 
located within the nasal cavities, and depends on a simpler 
mechanism than any other of the special senses, 

The nasal cavities or fossse extend from the nostrils back 
to the pharynx, into which they 
open behind; the communication 
being termed the posterior nares 
(fig. 49). Superiorly, they are 
separated from the cranial cavity 
by a thin plate of bone, the - 
cribriform plate of the ethmoid, 
which is perforated by the fila- 
ments of the olfactory nerve; and 
inferiorly their floor is made by 
the hard and soft palate; while 
between them is placed a vertical 
septum dividing one fossa or 
cavity from the other. 

The outer wall, in the human subject, presents three ledges 
of bone, one above another, projecting inwards with a down- 
ward curve, and termed turhinkted bones. The inferior is a 
distinct bone; while the others are portions of the ethmoid, 
and project little lower than the floor of the orbit. 

The ethmoid bone conidsta of a central iQl8.te,^'i.tsc&i-c&^scss>. 
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plate, and two lateral masses. The central plate descends in 
the middle line from the cribriform plate, and forms the 
upper part of the nasal septum; while the lower part of the 
septum is formed behind by another bone, the vomer, and in 
front is cartilaginous. The lateral masses of the ethmoid 
form, by two smooth surfaces, part of the inner walls of the 
orbit, and are hollowed out into air cells, with thin papery 
walls lined with mucous membrane, and communicating with 
the nasal fossae. The ethmoidal turbinated bones form part 
of these lateral masses. The superior one exists only in the 
hinder half of each mass, and overhangs a space between it 
and the middle turbinated bone called the superior metUus of 
the nose, which communicates in front with ethmoidal cells, 
and has the opening of a space hollowed out of the sphenoid 
bone, the sphenoidal sinits, opposite it behind (fig. 17). The 
other turbinated bone of the ethmoid, called the middle 
turbinated bone, is at the lower part of the lateral mass, and 
overhangs a gallery between it and the inferior turbinated 
bone, the middle meatus of the nose. This communicates 
with a hollow in the upper jaw, the maxiUary sinus or 
antrum,^ and also, by a passage through the fore part of the 
lateral mass of the ethmoid, with the frontal sinv^y a large 
hollow in the frontal bone, in the lower part of the forehead. 
A third gallery or passage, the inferior meatuSy lies between 
the inferior turbinated bone and the floor of the nose; and 
into it there opens near the front the nasal dicct, a canal by 
which the tears are conveyed from the eye; while, opposite 
its extremity behind, is the orifice of a communication lead- 
ing from the ear, the Eustachian tube, 

163. I have thought it better to give the student at once a 
connected account of the whole interior of the nose, but it 
must not be supposed that all the structures now described 
are connected with smell. What is called the nose, in the 
more extended sense of the word, has a number of different 
fimctions. The nose proper, or feature so called, is simply 
an organ of expression. The nostrils are of use as the open- 
ings into the nasal cavities, but the prominence above them 
is merely ornamental. The nasal cavities are connected 
with three functions — ^breathing, voice, and smell. Only 
the ethmoidal part has the filaments of the olfactory nerve 
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distributed in its mucous membrane; the lower part is 
furnished with ciliated epithelium like the rest of the respir- 
atory tract, as is also the part of the pharynx into which it 
opens; and in quiet breathing the upper edge of the epiglottis 
comes almost in contact with the edge of the soft palate 
which forms its floor behind. When the mouth is shut, the 
air passes to and from the larynx through the nasal fossse; 
and, even when the mouth is open, a considerable quantity 
of air passes through them; and the current is broken by 
the various turbinated projections, so that part of it is 
directed upwards to the olfactory region, and the whole of it 
is assimilated to the temperature of the body before entering 
the larynx. In « sniffling," or drawing air into the nose to 
assist smell, the inspirations are short, abrupt, and repeated, 
so as to put small quantities of air into rapid motion; and 
in each inspiration there is a slight but quick contraction of 
the nostrils, both increasing the rapidity of the air and 
directing it upwards. 

Both the nasal fossse and the various sinuses opening off 
from them act as reverberating cavities to improve the 
timbre of the voice; and it is in connection with the voice, 
not with smell, that the nasal fosssB in the human subject 
are extensive. They differ from those of quadrupeds in their 
greater vertical height and dimioished extent from before back- 
wards, and in communicating with larger and more nume- 
rous sinuses. But, in addition, it will be seen on comparison 
with any common mammal, such as the dog or the sheep, 
that in the human subject there is a very small amount of 
surface provided for the distribution of the olfactory nerves. 
In those animals the turbinated bones are far more complex, 
and finer secondary turbinations come off from the main 
laminae, while all are directed with their ends towards the 
nostrils, so that the inhaled air is exposed to a most exten- 
sive sensitive surface. This corresponds with what one 
would expect, both from the very small comparative size in 
man of the olfactory bulbs of the bi'ain, and from the ob- 
viously acute sense of smell in the lower animals, exceeding 
in some of them, such as the dog, anything which our own 
senses enable us to conceive. 

164. The olfactory nerves consist eadi of a brush of fila- 
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ments of the soft and nucleated Tariety, and ramify heneatli 
the mucous membrane of the upper and middle turbinated 
bones and the ethmoidal port d 
the nasal septum; and in this, 
which is termed the ol&eAarj 
region, the mucous membiaiie of 
the nose, called also the Sehnei- 
deiian or pUmtarif msmbnau, ii 
softer and smoother, ajid has the 
mucous glands smaller t^ian they 
are in tiie lower part of the usblI 
fossie. The olfactory mocons mem- 
brane is likewise distinguished l^ 
being clothed with a non-ciliated 
columnar epithelium. But be- 
tween the ordinary columnar cells 
j. are scattered slender nucleated 
H bodies, each of which is in con- 
I tduuity with a filajnent of olfso- 
\ toTj nerve, and in birds and 
amphibin is fumiahed -with a 
ingle hair or a bundle ctf fine 
cilia. These are called ol/aefcry 
Fig. 110.— OLFiOToiiYCn.M, cell*; and we are led to believe 
w.ththeepithehalcBUflbe- tj^t ^,3 wonderfully and impon- 

tween which tnev lio: both .11 . . 1 .F, 

with deep conneiftioiis. A, derably mmute odorouB particles 
Human. B, From frag, drawn into the nasal fossffi in 
AEter Schultzo And Frey. inspiration aSbct their extremi* 
ties, aud, through them, the olfactory nerves. 

165. Tute is a sense which is closely allied to both 
common sensation and smell, and as it is less definite in its 
nature than the other special senses, so also it is dependent 
on a less dafinitely distinguished nervous supply; for while 
smell, eight, and hearing, have each a special nerve devoted 
to them, the organ of taste has its sensory supply &om two 
mixed nerves, the glosso-phaiyngeal and the gustatory or 
lingual branch of the fifth. 

The organ of taste is the upper surface of the tongaa. 
This is covered with paptUte, wMch differ from those on the 
general surface of the skin, not only in being larger, but also 
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in being compound. The papillte axe of ihree kinds. Thickl7 
disposed over the whole surface are thoae of smallest a 
the filiform kind which are long and 
slender pronunences, as their name t 
indicates and have a few simple/ , /' ,o^ "^u 
papdlie at their extjremities. Scattered V/ , '^t^jftr-^t'V^ 
sparsely among the filif orm are the \ii^^/^S^^^a^ 
Jv,ngtform papillse which have 
rounded shape, and sometimes remam I 
red when the rest of the tongue is i 
furred giving a spotted appearance to 
the surface The papillu <^ the third 
description are called evroum/oaUate, 
and are several times larger than Uie 
fungiform They are usually less than 
a dozen m number and are arranged 
near the back of the tongue m two 
lines diverging from the mesial groove Fig 
m a curved fashion They as weU as ^'^^^ ^^^^"'^'^ 
the fungiform kind, have simple papiU© X^^ ^^^^ ^j \^ 
on their broad tops, and they get their fungiform scattered 
name from each being sunk into a over the sorbtce. 
hollow, whose outer wall rises up like a rampart to a level 
with it. 

The epithelium which covers the tongue is of a thick 
stratified squamous description; and the variations in the 
distinctness of the papillte, in different states of health, depend 
more on the condition of the epithelium than on difierences 
in the prominences which they clothe. 

166. The sensory nerves of the tongue end in a variety of 
ways. End-bulbs (p. 68) are found in the papillie close to 
their extremities. Also, on the frog's tongue, nerves have been 
traced into elongated cells with forked extremities, utuated 
in the epithelium; and although the mammalian tongue is 
very difierent from that of the frog, yet it is likely that some 
sinular mode of nerve-termination is scattered over the 
tongue of the mammal also; for forked cells, continuous 
with nerve-fibres, have been described in the epidermis of 
general integument. But the most remarkable mode of 
nerve-termination found in the tongue is in the tatte-conea of 
14 s 
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Schwalbe and LoT^n. These are stmctures irhicli are fonnc 
nowhere else but on the protected sides of the circnniTallati 
pnpill». Each cone occupies the whole thickness of thi 
epithelium; its base is on the papilla, its apex at the but 
face, and its sides are convex. It consists of verticaU} 
placed nucleated cells running the whole length of the cone 
the outer of which are flattened like the staves of a barrel 
and form, coats like tliose of an onion, while the inner an 
rod-shaped, and BOme of them with hair-like extremitaes, liht 
the olfactory cells; and the group of these extremities at tht 
top of each cone projects into the fossa round the papilla 
through a small opening left between the flattened supe^cial 
cells of the surrounding epithelium. 




Outer cilia of taste-cone. 0, Inner cellfl. Schwalbe, 
167. All tastes are not perceived by the same means. Astriu 
genta are pei-ceived when applied to the fore part of thi 
tongue, but not when applied to the back part. Bitters an 
perceived when applied to the back part, but do not affec 
the fore part. Sweet and saline tastes are perceived bj 
means of botli the fore and back part, but most acutely b 
the fore part. If sugar be laid on the tip of the tongue, thi 
sweetness is at once perceived, though not so acutely as aRe 
pressing the tongue to the palate; but it may be rvibhed inb 
the back of the tongue, as also into the palate, without an; 
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taste being detected till, the palate and tliat part of tlie tongue 
are pressed together in swallowing. Perhaps the accurate 
pressure of the palate is necessary to bring the dissolved 
sugar into contact with the taste-cones. 

In what is termed flavour, there is something more than 
mere taste. The texture of the substance tasted is an ele- 
ment which enters into flavour; for example, the smoothness, 
roughness, hardness, or softness; and these are appreciated by 
the acute common sensation in the tongue and palate. Smell 
is another element in flavour ; and, besides that, many tastes 
and smells are so associated, that the smell brings the taste 
to mind, and certain aromatic tastes even suggest what seem 
in some way correspondent odours to the imagination. It is a 
matter of common observation, that interference with smell, 
as during an attack of catarrh, interferes with the power of 
distinguishing flavours. . 

There is another curious circumstance which points to a 
connection between taste and smell. In a nimiber of mam- 
mals there is a sensory organ on each side of the septum of 
the nose, close to the floor, called the organ of Jcvcohson. It 
is a pouch lined with mucous membrane, receiving a twig 
from the olfactory nerve, and another from the source which 
supplies common sensation to the nose and palate; and its 
orifice is pointed downwards, so that in many animals it is 
most easUy entered through a canal in the fore part of the 
palate. The use of this organ is hard to conceive; but it 
brings the distribution of the olfactory nerve very close to 
the organ of taste. 

The back part of the tongue is supplied by the glosso- 
pharyngeal nerve, but the anterior three-fourths almost 
entirely by the gustatory branch of the fifth; and it is diffi- 
cult to avoid the conclusion that both nerves are really nerves 
of taste. 

168. Vision. — If by means of the eye we merely had a 
sensation varying in intensity according to the amount, and 
in character according to the colours of the light before us, 
vision would be a sense completely comparable with taste or 
smell. But to produce the effect of the landscape, there is 
required, in addition, an exceedingly fine power of localiza^ 
tion of the impressions made hj different rajrs, not indeed a 
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power which enables us to perceive, as in touch, the spot 
where the stimulus is applied, but one by 'which the relative 
positions of all the rays Altering the eye at one time may be 
recognised. 

It is further necessary that every nerve-termination or 
sensitive point in the eye shall receive only one ray at a time, 
and that it shall be the proper ray. In ^e case of insects, 
this is managed by every nerve-termination being placed at 
the bottom of a long dark- walled tube, so that it is affected 
by none but the ray which falls vertically on it. But in all 
vertebrata, as well as in the cephalopodous molluscs, of which 
the cuttle fishes are a familiar example, the object is achieved 
in much greater perfection by an optical apparatus which 
throws the inverted image of the landscape on a sensitive 
surface at the bottom of a dark chamber. 

The whole optical apparatus, as well as the sensitive sur- 
face, is contained within the eyeball; the range of vision is 
increased, and the two eyes are enabled to act in concert, by 
means of muscles which turn the eyeballs; and inasmuci 
as the fore part of the eye must be preserved from, opacity, 
whether from dryness, scratching, or the nutritive changes 
consequent on irritation, it is protected by the eyebrows, 
eyelids, eyelashes, and a lachrymal apparatus. 

169. The eyeball is a nearly spherical structure, about an 
inch in diameter, pierced at the back, at a point about a tenth 
of an inch internal to the centre, by the optic nerve, which, 
being in its sheath a stout cylinder a sixth of an inch thick, 
looks like the stalk of a berry. The outer investment of the 
eyeball is protective, and, in the greater part of its extent, is 
an exceedingly tough felted fibrous coat, called the sclerotiCf 
tliickest behind; but in front it becomes abruptly trans- 
parent, so as to form a clear window, the cornea, through 
which one can look into the interior. At the edge of junc- 
tion, the fibres of the sclerotic are continuous with those of 
the cornea, the same bundle being opaque in the outer part 
of its extent, and transparent in the inner; but in the cornea 
the fibres are arranged in numerous parallel laminse, with 
intercommtmicating branched spaces between them. The 
cornea is altogether destitute of blood-vessels, though sup- 
plied with a network of nerves near its surface; and it is 
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limited belund b^ an elastic lamina, and covered in front 
with, epithelium. The li"'"g membrane of the eyelids and 
front of the eye ia called the conjunctiva ; it is continuous 
with the skin at the margin of the lida; inside the lids it is 
pink with blood-vessels; where reflected on the sclerotic or 
white of the eye, it becomes more delicate and transparent, 
although still a distinct membrane easily detaehed; but when 
it reaches the cornea, every structure corresponding with 
the cutis vera is lost, and there remains only a stratided 
epithelium closely adherent to the proper corneal structura 
No blood-vessels lie beneath this epithelium to interfere with 
vision ; but when inflammation is excited, vessels push their 
way inwards with a rapidity which is exceedingly interest- 
ing, as showing how speedily capillaries can be developed.* 



Fig. 113. — HauAK Eye enlarged, with part of tha cornea and scle- 
rotic removed, a. Sclerotic; h, cornea; c, choroid cost, aliowiiie 
arteries and veins, snd the ciluuy nerves on the surface ; d, iris ; 
e, pnpil ; /, cilisry muscle . , 

170. Looidng at the living eye, one sees, through the trans- 
parent cornea, the part which is coloured. This ia a muscular 
curtain, the iris, with a circular perforation in the centre, the 
* An injection by Stirling, in my possession, beautifully demon- 
strates that the conjunctival network of capillaries, on reaching the 
edxe of the cornea, is reflected and continuous with a deeper network 
belonging to the sclerotic. A similarly reflected sheet of capillaries 
is described by Hyrtl at the attachment of the round ligament of the 
hip-]mat to the femur. 
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pripi!, which appears black, because few of the rays of Ugbt 
which enter it are reflected from the camera behind. "Hie 
iris is attached round about to the margin of the sclerotic^ 
where it meets the cornea; and it has two sets of mnscnlsr 
fibres; a circular set round its pupihuy margin, which con- 
tracts the pupil; and a radiating set towards its circumferenee, 
by which the pupil is dilated. The circular fibres an 
governed by tiie third cranial nerve, the radiating fibres hj 
the sympathetic. Division of the sympathetdo in the neck 
causes the pupil to contract, while stimulation of the divided 
trunk causes it to dilate. 
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Fig. 115. — Sectiow or Csoeoid 
OF THB Os, diagrammstii] 
view, a. Arteries and veim; 
b, arterioisB and venous ndide* 

fiercing the tapetiun ; e, mem- 
rane oC BayBch. 



— PlQMEIJT CoBPUSCLBa 

Coat. 

Branched corpusclea from the 

connectiTe tissue of the choroid 

coat : the white apot in each is 

the naclGDB. B, Pigmentary 

epithelium on the innei surface 

of the choroid coat. 

In making a dissection of the eye, snch ea every stadent 
may easily make for himself on the eye of a sheep or an ox, 
if the sclerotic and cornea be carefully removed, there is 
brought into view a second coat, the twniea vasaulosa, of which 
the iris is the anterior part, while the posterior part, cor- 
responding in extent with the sclerotic, is called the choroid. 
Xhe choroid coat consists of exceedingly cloaely-set small 
arteries and veios, imbedded in connective tissue, the branched 
corpuscles of which are loaded with pigment; and the capil- 
laries uniting these vessels are thrown inwards to the deep 
aspect of them, where they form one of the closest networl^ 
in the body, the msffitnwie of Ruysch. Behind the periphery 
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of tlie iris, the blood-vessels of the choroid form a corona of 
richly vascular projections directed inwards, and capable of 
considerable variation in size according to their degree of 
gorgement: these are called the ciliary processes; and con- 
nected with their roots is the ring of tissue which fastens the 
iris to the sclerotic, a white ring consisting principally of 
muscular fibres, the cilia/ry muscle. 

The whole of the deep surface of the choroid and back of 
the iris is lined with epithelial cells loaded with dark brown 
pigment, which opposite the choroid are flat, hexagonal, and 
arranged in a single layer, but behind the iris are more 
densely accumulated. In persons with brown eyes, the 
colour of the iris is due to a deposit of pigment between its 
anterior fibres, corresponding with the branched pigment- 
corpuscles between the vessels of the choroid; but in those 
with blue eyes, the iris is devoid of pigment, and the colour 
is due to the effect of the dark pigment behind its white 
substance. In Albinos, persons in whom there is an absence 
of brown pigment from all the situations in which it is com- 
monly found, the white hair and eye-lashes are accompanied 
with pink eyes, the colour of which is due to the blood, 
lighted up, not only with reflected, but also transmitted light. 

The pigment of the choroid prevents reflection of rays from 
the parts of the interior of the eye on which they fall, to other 
points of the sensitive surface, which, were it to occur, would 
blur the image of the landscape, as is illustrated by the 
imperfect vision from which albinos suffer. But, if the 
student choose for dissection the eye of a sheep or some 
other domestic animal, he will find on the inner surface of 
the choroid a state of matters not existing in man, namely, a 
portion, opposite and above the pupilary aperture, which has 
an intense satin-like whiteness. This is called tibe tapetum, 
and by reflecting the rays to the part of the sensitive surface 
immediately in contact with it, is of service in utilising a dim 
light, and enabling these animals to see at night. It is this 
tapetum seen through the humours, which gives the brilliant 
greenish light to the pupil of the cat. 

171. In the course of dissection, let the choroid coat be gently 
torn open and raised from the subjacent structures. If this 
be done with due care, there will be seen laid over a globe of 
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transparent substance, & Boft, irhitlsh, pnlpy membrtuie, tlu 

retina, or internal tunic of the eyeball. The retina is a 

nervous stractnre, containing 

the distributioa of the c^tic 

erve, a layer of nerre-corpos- 

.68, and the nerre-tenninatioM 

a which the raya of light act; 

. is adherent to the other tunics 

I at the optic pore, the place where 

1 the optic nerve pierces; and it 

F comes to an apparent mai^ 

in front, not lar from the ciliaiy 

processes. This margin, in the 

human eye, is scalloped, and 

called the ora aerrata. In the 

human eye also, when a per- 

116— Section of Human fectly fresh specimen is ex- 

m. a. Sclerotic; 6, cornea; amiaed, the retina Will be seen 

erySC'^^ rf'«'^' «■ *^ ^ I^ff^^^ transparent, and 

vested with its capaulo, and, of a ddicate pmk tmt; and 

above and below, sectionB of there will be noticed, directly 

the canal of Petit, bounded opposite the centre of the pupil, 

Si° t^bXS'^yTyS ?•»; » *» »7. . t.^a k « 

membrane. The radiating inch outeide the optic pore, a 
white linea round the lens structure which does not exist 
are the most prominent parts jjj domestic animals, namely, the 

dark pigment ; /, ciliary elliptical mart, of a yellow 
muscle in section ; g, retina, colour, with a depression in 
with ora sen-ata in front; ft, the middle, called fovea em- 
optic nerve. (,,^^^_ 

The retina, notwithstanding its being so thin, is one of 
the most complex structures in the body, and reveals this 
complexity when, after suitable preparation, it is examined 
under the microscope in eections made vertically through it 
Close to the eurface wliich rests on the transparent media 
of the eye, is a layer of fine nerve fibres, the expansion 
of the optic nerve, and beneath tliis a layer of multiixilar 
nerve -corpuscles; and in these strata are the ramifications of 
the retinal artery, which breaks no into branches -at the 
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optic pore, and is there placed on the surface of tlie rctma 

Subjacent to the multipolarcorpusdea are other lajrers, marked 

by the presence of nuclear ele 

ments, and on the other aide of 

these, resting on the choroidal 

epithehum, la what is tinned the 

baciUarj- layer (fig 118) 

The bacilla/ry layer, or Jacob's 
membrane, consists of multitudes II 
of minute structures, called roda \ 
and eonet, placed vertically to the 
rest of the retina^ like the ele- 
ments of a columnar epithelium 
Therodsare the more numerous. Fig 117 — rosTERioB Hai» 
and consist of an outer and inner op Eyeball exlubiting the 
. J. J , j_ .. retinal vesiels ramifying 

part of diasimilar nature the f^om the optic pore, and; 
cones have an outer part similar m the centre, the macnla 
to the rods, while the inner part lutes of Sommenng with 
U awoUen to & flask-shape, and '^ *"'«» oentralm 
they are more distinctly connected, through the medium of 
Btruoture m the nuclear layers, with the multipolar cor- 
puscles. In the yellow spot, only cones are present in the 
bacillaiy layer, and these are crowded together, and of smaller 
eize than elsewhere; also the multipolar corpuscles are 
numerous, and there are no fibres of the optic nerve. 

172. When the choroidcoat has beendivided, the transparent 
Btructures which occupy the cavity of the eyeball can be 
removed in one mass. They adhere moat closely to the 
ciliary processes, hut, when separated from them, they have 
the appearance of a limpid globe of dehcate jelly, in the fore 
part of which is placed a head of denser consistence, sur- 
rounded by a plicated collar, whose plications fit in between 
the ciliajy processes. The main maaa is called the viti-eous 
humour; it consiats of water entangled in meshea of 
transparent tissue, and is limited hy a, structure of firmer 
consistence, called from its limpidity the hyaloid membi-ane. 
The denser bead in front is the crystalline lens; and if a 
score be made along the face of it with a needle or a point of 
a knife, the capsule which retains it in ite place will be rup- 
tured, and the lens will start out. It is expelled usually with 
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a distimct d^ree of fonx, 
becanae the anterior mQ 

of its citpaule is strong 
aud elastic; the posterior 
■Willi ia fused with the hya- 
loid membrane. The pli- 
cated collar oatside the 
capsule of the lens is called 
the zonule of Zinn; and if 
a Email tube be gently 
pushed ioto it near to its 
inner etigo, and air be 
blown in, there will be 
seen to be a cavity snr 
rounding the peripheiy of 
the capsule, the anterior 
wall of which is formed by 
a plicated fibroOB mem- 
brane distinct from tlie 
hyaloid. This cavity ia 
called ca al of Pedt; and 
the meml rane in fiont cf 
S It extendmg from the 
most piomment part of the 
^ hjalo d membrane to the 
- anterior wull of the capanle 
\\l / oi the Icna is named the 

The crystalline lens ii 
ibout a. third <^ an inch in 
1 imeter and a fifth from 
front to back, and is more 
con ex behind than in 
fiont. It consista of layen 
^ lis — PETifA diagramDiatio view of the HtructorcB «een ia 
vert cal section. A, General view B The narrons elementa. 
a Bac Uary lafer b membruia linutiuis externa ; e, eztenuU 
nuclear layer d external granular layer e mtenal nuclear 
lajer / ntemal granular layer g gsnghooic layer ; h, 
branches of opt a nerve i, membrana Imutaus interna. Aftn 
Schultse. 
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of sulistance, one 'within anotlier, like an onion; and the 
layers increase in density towards the ceatre, which is so 
firm that it is sometimes called the nucleus of the lens. 
The layers are composed of fibres extending irom front to 
back, each 'with a n'ucleus, and remarkable ia ha'vitig serrated 
edges by 'which they fit into one another. 

The capsule of the lens is in contact ia A>]nt with the 
inner edge of the iiis, and there is a space left het'vreen it 
and the cornea. This is filled with fluid the aqneoTia 
htinwvr and as much of the apace as hes m front of the 
iris is called the anlenar chamber ■while the remaining part, 
forming a slight interval between the back of the iris and 
the lateral part of the lens, is distinguished as the posterior 
chamber 




Fig. 119 — Devblopheht of t&b Etk, a diagram, a, Caticular 
epithehnm b lens deTeloped by nTspnation of onticle ; e, 
entrance from the cavity of the brain into the primary optio 
vesicle d eeoondary optic veaicle e e p a mater ; /, choroid 
coat g retinal artery entering at the bottom of the cleft of the 
eye k cerebral sabstance contmned into the optic nerve and 
retina ; i, epitheHum of cerebral cavity coutumed into the pig- 
mentaiy epitholinm of the choroid ; it, the lame continued mta 
Jacob's membrane. 

173. Eevie'wing the whole structure of the eyeball, it may be 
interesting to the student to know that, in the early embryo, 
it is developed partly from the integument and partly from 
the brain. The lens is originally an invagination of the 
skin, which becomes converted into a closed sac; and its 
fibres may be fairly considered as elements of the same series 
as the elongated cells of the deepest stratum of the cuticle. 
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The optic nerre, the retina, and the choroid^ take rise from a 
Tesicular outgrowth of the brain, comparable witli the oUaio- 
tory bxilb (p. 204), and called the primary optic vesicle. The 
neck of this vesicle remains as the optic nerve, while the 
distal half of the vesicle becomes invaginated from below 
upwards and backwards against the other half, so as to form 
with it a double cup, the secondary optic vesicle^ with a deft 
in its lower part The pia mater or vajscular covering in 
the half nearest to the optic nerve is developed into the 
choroid, and in the invaginated half remains as the retinal 
artery; while the nervous matter of the first-mentioned part 
disappears, and that of the invaginated portion is the main 
substance of the retina. Viewed in this light, the bacillaiy 
layer and the hexagonal pigment cells of the choroid aie 
epithelial developments lining the opposed snrflBu^es of the 
optic vesicle.* The vitreous humour, sclerotic, cornea^ and 
iris, are later developments from subcutaneous tissue. 

174. The eye may be likened to a camera obscura, such as 
that which is used in photography. In front are the refrac- 
tive media by which ihe inverted image is produced, while, 
behind, the retina receives that image precisely as the ground 
glass or the sensitive plate in the axtist's camera receives, 
when the focus is rightly adjusted, the picture of the object 
to be photographed. 

It must not, however, be supposed that the eyes of all 
animals have the complexity of the eyes of vertebrate animals, 
nor that vision is a sense enjoyed in perfection by all animals 
possessed of eyes. The simplest forms of eyes met with, or 
of structures which may be taken for eyes, are little more 
than spots of colour; but even if we keep all doubtful struc- 
tures out of view, eyes must be divided into those which are 
capable of receiving an image of the landscape and those 
which are not. A scallop (Pecten) is provided with numerous 
eyes, disposed like a double row of jewels, but it cannot 
distinguish objects. Neither can the starfish do so, although 
it has a group of eyes at the tip of every arm. In each of 
these eyes there is a dense transparent structure or lens in 

* For this reason I object to considering the hexagonal pigment 
cells as belonging to the retina, as is done by Max Schultze, who has 
done so much to elucidate retinal structures. 



Tisioir. 237 

front, -with nerve-terminations behind it, and bright pig- 
ment round about ; of the light entering the lena, no doubt 
the raja corresponding in colour with the pigment are 
reflected from point to point, and a sensation must thus be 
produced varj^g in intensity with the amount of that parti- 
cular colour of light ; but it can scarcely be supposed that any 
nearer approach to vision is made. 




S. ■Wilson. 

Eyes which receive an image are divisible into two great 
groups, those in which the image is erect, and these in which 
it is iftverted. To the first of these 
groups belong the eyes of insects and of 
crustaceans, such aa lobsters; while to 
the second group belong the eyes of ver- 
tebrata and cuttlefishes. If the eye of a 
lobster or a, dragon-fly be carefully eX' 
amined, it will he seen to consist ot 
numbers of minute facete, barely visible, 
crowded together; each of these is a 
transparent structure placed at the ex- 
tremity of a long tube lined with black 
pigment, and with a nerve-termination Fig. 12I.— Diagram 
at its deep extremity. Obviously no of Insect's Evi in 
ray of light can reach the bottom of section. 
Buch a tube nnless it fall vertically into it. Thus the 
point in the landscape vertically opposite each tube afiecta 
the nerve at its extremity, and a separate sensation is pro- 
duced by as many points aa there are &cets in the eyes, and 
this will happen irrespective of the distances of objects. 

In eyes which invert the image, the inversion is pwduced by 
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the addition of lens and camera, which are probably necessi- 
tate J by the enormous increase in number of the sensitive 
points; for every rod or cone of the bacillary layer is a 
separate nerve-termination. In the eye of the cuttlefish, the 
bacillary layer is the part of the retina turned towards the 
lens, and is, probably, like the lens, a development of the 
cuticle; but in the vertebrate eye, we have seen that it is 
the part of the retina lying against the choroid, and is a 
development of the brain. 

175. If the analogy of nerve-terminations in otber organs 
be attended to, it will be at once perceived that those of the 
retma are the rods and cones of the bacillary layer > and a 
variety of other considerations show that they really are so. 
One might naturally expect that the surface of the retina 
which is turned towards the light, would be the one to be 
affected by the rays impinging on it; but this is not the casa 
For the part next the fight is the layer of ramifying fibres of 
the optic nerve, and the spot where those fibres are most 
numerous is the optic pore, which happens to be wholly 
insensible to light. 

Ihis insensibility of the optic pore can be easily proved. 
The axis of the eye is always directed to the object looked 
at; in that axis lies the yellow spot, and to its inner side 
is the optic pore, receiving the rays entering from a point 
external to the object looked at. If, now, the left eye 
be shut, and the right eye fixed on the cross here 
represented, while the book is slowly moved towards and 
away from the eye, at a certain distance the round mark to 

the right will suddenly disappear, to come again into view, 
as the book is brought nearer or held further offl The same 
result is obtained, if the experiment be made with white 
spots on a dark ground, or with colours; and the explana- 
tion obviously is that, at a cei^tain distance, the round mark 
falls on a spot, internal to the axis, which is insensible to the 
presence or absence of light. 

Tiiis experiment also shows the importance of the yellow 
spot as the seat of clear vision, that si)ot from which the 
fibres of the optic nerve are absent, and in which the rods of 
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tHe bacillary layer are entirely replaced by tlie more highly 
organized cones. It will be noticed that when the eye is 
fixed on the cross, not only is that mark the most distinctly 
visible object, but letters as far away from it as the position 
of the round ball, although still a long distance removed 
from the circumference of the field of vision, are so vaguely 
fieen that they cannot be distinguished when the ball is hid 
from view, even though the figure is so arranged that this 
happens when the book is held at a good focal distance. But 
the optic pore, it will be recollected, is only one-tenth of an 
inch from the axis of the eye, therefore this observation 
shows that the retina, at the circumference of a circle with 
a radius of a tenth of an inch, and the axis of the eye as its 
centre, has much less acute sensibility than the yellow spot. 
And inasmuch as there is no interruption of the outline of 
the field of vision corresponding to the position of the optic 
pore, but the place where such an interruption might be 
expected to show itself is filled up with the appearance round 
about, whether light, dark, or coloured, there is evidence that 
the sensation ori^ting in eaxjh cone or rod is not strictly 
limited; although in other parts of the retina it is practically 
limited by the sensations from the rods roimd about. This 
explains the spreading of the appearance of light round exces- 
sively luminous objects. 

It being clear that the layer of nerve fibres is not the part 
x>{ the retina in which the rays of light produce nervous 
impression, it is curious to observe that the rays have to 
pierce these fibres and the strata of the retiaa before reach- 
ing the rods and cones on which they act. This shows that 
the susceptibility to a stimulus so fine as light depends not 
on the nervous structure but on the peculiar terminal organ 
added thereto. 

176. The most important of the structures through which 
the rays of light pass on their way to the retina is the crystal- 
line lens. It is comparable with a biconvex lens of glass 
made by an optician. The rays of light from each visible point 
in the landscape pass through the whole aj^erture of the pupil, 
and are refracted towards one another as they enter the 
anterior convex surface of the dense substance of the lens, 
imd again as they emerge from its convex surface behind* 
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They are thus gathered together at a certain distance behind 
the lens, in a focus situated in the direction of a line proceed- 
ing through the centre of that body, from the visible point; 
and the rays from every point being in like manner refracted, 
an inverted image of the landscape is produced. 








I 







Fig. 122. — Diagram to illustrate the course of two cones of light to 
be focused on the retma, and that distinct vision requires tiiat 
the focus for the object looked at correspond with we poedtios 
of the retina. 

But there are two sets of conditions required for the prt>- 
duction of a correct image on the retina : one is, that all the 
rays from each spot, and their constituent colours, shall be 
gathered by the crystalline lens and other refracting media 
quite to a point; the other, that the position of the retina 
shall correspond with the focus. 

As regards the first of these conditions, it will be remem- 
bered, in the first place, that only parabolic surfaces have the 
property of bringing all the rays from each point to a perfect 
focus, and that an ordinary glass lens has an imperfection 
dependent on its spheiical curves, termed spherical aberration. 
The crystalline lens has its surfaces approaching, probably, 
pretty near to the parabolic form, but it must not be for- 
gotten that it is not the sole refracting medium in the eya 
Thus, persons who have had the crystalline lens extracted 
for the disease called cataract, have still an inverted image 
thrown on the retina, and continue to see, although imper- 
fectly, without the use of spectacles; thus, also, the curvature 
of the cornea, when too great, produces shoi't-sightedness, by 
making the refractive apparatus too powerful. It is, there- 
fore, proper to note that it is a law of spherical aberration, 
that, while it is exhibited very greatly in the rays which 
pass through the lateral parts of a lens, it scarcely affects 
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those which fall vertically near its centre; and therefor^ 
the iris, by diminishing the pnpil, prevents any such source 
of error. 

Another difficulty in the manufacture of optical instru- 
ments is to make them achromatic; that is to say, to prevent 
the different colours of which white light is made up from 
being dispersed in passing through lenses, and so producing 
rainbow colouring in the image. The mechanician meets 
this difficulty by combining lenses of contrary form and 
different material, in such a manner that the dispersion of a 
converging lens is counteracted by the opposite and equal 
dispersion of a diverging lens of less refracting power. The 
same expedient is resorted to in the structure of the eye, the 
light having to pass successively through the cornea, aqueous 
humour, and the different strata of unequal density in the 
crystalline lens. 

177. With reference to the correspondence of the position of 
the retina with the focus of the lens, it will be noticed that 
if that membrane be so placed that the images of distant 
objects shall be cast on it, it will be too far forward to receive 
the images of near objects; and, vice versd, if it be so situated 
as to receive the images of near objects, it will be too far back 
for those at a distance, unless some arrangement of accom- 
modation be specially brought into play. In a photographer's 
camera, the focus is arranged for different distances by moving 
the lens forwards and backwards; in the eye, the same 
object is attained by change in the form of the lens. 

It is easy to make certain that a change of some sort takes 
place in the eye to accommodate it to different distances. 
One has only to shut one eye, and hold up a finger a few 
inches from the other, to perceive that, fif the finger be 
steadily looked at, the background, even at the other end of 
the room, is quite indistinct; and, as soon as by an efforb of 
the will the sight is fixed on the background, the finger in 
turn loses all distinctness of outline. But it is more difficult 
to determine the nature of the change. It has been dis- 
covered by careful observation of the reflections from the 
surfaces of the lens (Helmholtz). "When a light is held in 
front of an eye, three images are reflected; one is from the 
surfEice of the cornea; another^ of a dim description^ is from 
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the anterior surface of the lens; and a third, small and clear; 
and invei-ted, is from the hinder surface of the lens. When 
the focus of the eye is changed from distant to near objects, 
without altering the direction, the inverted image retains its 
form and position, while that fi'om the front of the lens 
l>oc<^ines smaller, and approaches the corneal image. From 
tliis it is known that the posterior surface of the lens remains 
unchanged, while the anterior surface is made more convex; 
and by examination of the eye in profile, the lens has even 
been seen to project through the pupilary aperture when 
adjusted to shoii; distances. The cause of this change of 
shape is not thoroughly understood, but the principal agent 
in efiecting it would appear to be the ciliary muscle. 




Fig. 123. — AccoiMTvroDATTON TO Distances. F, Lens accommodated to 
far objects ; N, to near objects ; a, arfterior chamber ; 6, posterior 
chamber ; c, canal of Petit ; d, ciliary muscle ; e, ciliary process. 

Another change which takes place in adjustment to short 
distances is lessening of the pupil; and it has been suggested 
that the contraction of the circular fibres of the iris presses 
on the sides of the lens so as to alter its form. But this 
supposition is disproved, not only by the fact that the faculty 
of adjustment has been found unimpaired when the iris has 
been wanting, but by the size of the pupil being diminished 
still more by increase of light than by looking at near objects. 
The iris seems to act simply as a diaphragm, cutting off the 
lateral rays; and this is specially required in a bright light, 
to save the retina from imdue stimulation, and in looking at 
near objects, because the rays from them are so exceedingly 
divergent. 

178. When objects are looked at with both eyes, the muscles 
which move the eyeballs are brought into requisition. These 
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are four recH and two obliqui muscles. The recti come for- 
■wards from the back of the orbit, to be inserted, in front of 
the middle of the eyeball, into the sclerotic; and they are 
named from their positions, superior, inferior, external, and 
internal. The superior oblique muscle parses forwards &om 
the back of the orbit to the inner and upper angle of its fore 
part; there, becoming tendinous, it passes through a pulley of 
fibres attached to the frontal bone, and, changing its direction, 
turns outwards and backwards to be attached to the outer 
part of the eyeball, behind the middle The inferior oblique 
muscle, springing from a pomt at the lower part of the inner 
mai'gin of the front of the orbit takes a similar direction to 
the tendon of the superior oblique passing backwards and 
outwards below the eyeball to be inserted on its outer side. 




Fig. 124. — Mttscles or thb Eyeball 

oblique znnscte ; c, pulley for the ten Ion o£ the same ; u, .luici-iui- 
oblique muscle. The other four muscles ore the four recti. 

The superior recti muscles of the two eyes always act in 
concert, aa also do the inferior recti, but the external and 
internal recti act difierently in different circumstances. In 
turning the head, while the eyes are fixed on a stationary 
object, or in following an object which crosses in front of ub, 
the eirtemal rectus of one eye acts in concert with the internal 
rectus of the other; but, in turning the eyes from a distant 
to » near object, we make their axes converge on the object 
looked at, and the internal recti of both eyes act together. 
These limitations of the movements of muscles which must 
be considered voluntary are exceedingly curious, and find no 
parallel in the muscles of the limbs. 

The use of the oblique mugcles is not at first obvious; but 
it will be observed that when tlie eyes are converged, the 
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superior and inferior recti, acting by themselves, will be no 
longer capable of rotating them directly upwards and down- 
wards, seeing that the axis of vision and the direction of 
these muscles are no longer in the same vertical plane; and 
the oblique muscles are so disposed that, by acting in concert 
with the superior and inferior recti, they are capable of com- 
pensating for the deviation of the direction of these muscles 
from the axis of vision, and so maintain the vertical diameters 
of the eyeballs parallel to one another, which we shaJl im- 
mediately see to be a condition necessary for perfect vision. 

179. When we look at an object with both eyes directed full 
upon it, we see it as a single object, notwithstanding that two 
images of it are received, one on each retina. But by arti- 
ficial expedients these two images may be made to give the 
appearance of two objects; that is to say, double vision may 
be produced. By pressing a finger gently on the side of one 
eyeball, so as to derange the position of its axis of vision, a 
second picture of each object in the landscape may be made 
to appear, either above, below, or to one side of the more 
distinct picture presented to the other eye, according to the 
direction of pressure. Or, if a finger be held up exactly in 
front of a more distant object, and the eyes be directed to 
the finger, while the attention takes cognisance of the object 
beyond, that object will be seen double. On the other hand, 
in looking through a stereoscope, two pictures have the 
appearance of one. All these phenomena depend on one 
law, which may be expressed thus : that rays which fall on 
points in the outer half of one retina, are referred by the 
mind to the same direction as those which fall on similarly 
situated points in the inner half of the other retina. Such 
points are therefore said to be physiologically corresponding 
or identical. When one eye is moved from its position by 
pressure of a finger on it, the different points of the land- 
scape are no longer thrown on identical points of the retinse, 
and they are therefore seen double. When the eyes converge 
on an object in front of another, the images of the hinder 
object are thrown on the inner halves of both retinae, and 
therefore on points not identical. But, in looking through 
the stereoscope, although the pictures are two, each eye is 
^•ected full on the picture opposite it, and thus correspond- 
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ing parts of the pictures are thrown on identical points, and 
referred to identical positions in space. 

Double vision, it may here be mentioned, can be likewise 
artificially produced when only one eye is used. The prin- 
ciple, however, is difierent from that which we have been 
considering. If, in a card, a few pin holes be made so close 
together, that they shall be within a space not larger than the 
aperture of the pupil, and the pin holes be held to the eye, 
objects at some distance will be seen perfectly; but a minute 
object, such as a pin head, held near the card will appear mul- 
tiplied as many times as there are pin holes. The explanation 
is, that the pin head is out of focus, and, looked at without 
a diaphragm, would be invisible; but the diaphragm cuts off 
a large part of each of the pencils of rays which spread out 
towards the pupil and would have been diffused over an 
area of the retina so as to interfere with one another; and 
the perforations admit only very small portions of them, 
which fall on different parts of that area, and are so narrow 
that the deficiency in focus is not sufficient to produce con- 
fusion. 

180. Physiologistshave sometimes exercised their ingenuity 
in tryiDg to account for our seeing objects erect, notwithstand- 
ing that the pictures on the retina are inverted. But a little 
reflection will show that the inversion of the retinal image 
is no reason why the landscape should appear inverted. 
What we perceive is not the retinal image, but a number of 
sensations excited by it; and it must be considered as an 
tdtimate fact, that the sensation produced by irritation of a 
rod or cone of the retina is not perceived as behig in that 
structure, but as situated vertically opposite it, outside the 
body. If we are to explain why the landscape is not seen 
inverted, we must explain why it is not seen inside our heads. 
A child does not rectify an inverted landscape by experience 
derived from touch, any more than it imagines the external 
world, as manifested by vision, to be concentrated in two 
small spots at the bottom of its eyeballs. 

181. Distance, however, is a thing which the eye certahily 
learns to appreciate by experience. A child, from its entrance 
into the world, no doubt sees objects as things outside itself; 
but it learns only by practice the distances of different objects. 
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This miglit be gathered from watcliing the movements of 
infants; but it has been more distinctly demonstrated by 
observations made on persons bom blind, who have gained 
sight after some years, by a surgical operation. Snch persons 
see every thing at first as if close at hand, and, from not 
understanding the effects of distance, form most erroneous 
ideas of the sizes of objects; and they handle things when 
they look at them, so as to compare the results of vision with 
those of common sensation. The effects of distance on the 
eyes, which experience teaches us to translate, are of various 
descriptions. (1) The distance of the object looked at 
determines the degree of convergence of the eyes; (2) it 
determines the focus; (3) it affects the intensity of light 
and shade, and the colour, producing what is called per- 
spective of colour; (4) it diminishes the apparent size of 
objects, producing linear perspective; so that when firom 
custom or otherwise the size of an object is known, its 
distance is estimated. That the convergence of the eyes is 
of some use in enabling us to appreciate the exact distance 
of near objects, is illustrated by the difficulty which one has 
in threading a needle when one eye is shut. But by a little 
practice that difficulty is overcome, which shows that the 
use of two eyes is not essential to judging distances. 

182. The appearances of solidity and hoUowness depend 
partly on the apparent diminution of receding objects, partly 
on the way in which the light falls, and partly on the pictures 
presented to the two eyes being different, and bringing into 
view a larger amount of surface than can be seen from one 
point. The last of these three causes is supplemented 
materially by the other two; otherwise the appearance of 
solidity would be lost on shutting one eye. It is, however, 
a most important element, as is shown by the effects of the 
stereoscope, when geometrical figures are looked at. 

I have already pointed out how it is that only one figure 
is seen when two pictures are looked at through the stereo- 
scope. But stereoscopic effect depends on the circxmistance 
that no solid or hollow body presents exactly the same view 
to both eyes. The artist provides on the stereoscopic slide 
two views of one object, such as would be presented in nature 
to the two eyes; and the eyes are directed by the constructioii 
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of the instniment, so that nearly similar parts of the pictures 
fall on identical points of the retina. In looking at a solid 
object, the portions of its sides brought into view are seen 
to a greater extent by the eye on the same side than by the 
other; but in a hollow object, they produce the broader image 
in the eye on the opposite side ; and thus it happens that if 
the stereoscopic views of a solid* body be clipped separate, 
and each be placed in the instrument in the position which 
was intended for the other figure, it is made to appear as 
a hollow. This efiect can be obtained in perfection with 
geometrical figures without shading; but is aided by the 
reversal of the shading when an irregular figure is looked at. 
By means of another instrument, the pseudoscope, the rays 
coming from actual objects are directed in such a manner 
that the image which should be presented to one eye is made 
to fall on the other, and by this means raised objects seem as 
if hollow, and vice versd. But the important pai*t which 
experience plays in giving the idea of solidity and hoUow- 
ness, is shown by the circumstance that neither with stereo- 
scope nor pseudoscope can the reversal of appearance, or 
conversion of relief y as it is termed, be obtaiued when the 
objects looked at are of a complex description, and so appeal 
to our associations that they cannot be conceived otherwise 
than as they really are, 

183. It has already been pointed out that impressions on 
the retina have a certain tendency to diffusion; they have 
likewise a tendency to endure after removal of the stimulus, 
particularly if this have been applied with much intensity, 
or for a length of time. After gazing at the sun, or any 
bright light, a spectrum or coloured figure remains before the 
eye for some time; and any object, whether brilliant or not, 
if moved rapidly, can be shown to leave impressions on the 
retina which endure after cessation of the stimulus. When 
a wheel of a carriage is in motion, the spokes become indistin- 
guishable one from another, and a dull tinge of their colour, 
brightest near the nave, is diffused round about; because the 
spokes each affect the retina in every part of their revolution, 
the impression made by one at any part being immediately 
succeeded by another, and the spokes are placed most closely 
together near the centre. This imperfection of vision would 
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be much greater, were it not that the eye has a tendency to 
follow any object on which the gaze is fixed. The eye follows 
the wheel of a carriage, and the image continuing to be made 
on one part of the retina is correctly appreciated as circular; 
but it fails to follow the spokes, and therefore these affect 
successive parts of the retina with great rapidity. The dura- 
tion of retinal impressions is the principle on which a number 
of optical toys depend. The simplest of them are cards with 
pictures on each side, and twirled round by a couple of 
strings, one at each end, so as to bring the pictures together. 
Thus, a bird on one side and a cage on the other gives the 
appearance of a bird within a cage; and a man riding a horse 
may be brought into view, the man being painted on one 
side of the card and the horse on the other. The tJiawmotrope 
and the anorthoscope are instances of much more complex 
toys dependent on the same principle (see Glossary). 

The coloured spectra seen after gazing on bright objects are 
connected with something more than the mere duration of 
impressions, namely, the power of appreciating different 
colours. The appreciation of colour is not understood; we 
do not know by what mechanism the rods and cones are 
thrown into different conditions by lights of equal intensity 
but different wave lengths, so that both colour and intensity 
are appreciated by one set of structures. But it is known 
that the appreciation of colour is a separate power from the 
appreciation of light and shade, for there are various kinds of 
colour-blindness which occur uncomplicated with other defect 
of sight. 

184. Colour-blindness is of three sorts. Some persons have 
been found unable to appreciate any difference of colour at all, 
to whom the world was like an engraving. A number of persons 
have an inability to distinguish allied tints one from another, 
and confuse blue with green, or confound pinks, crimsons, 
and scarlets together. In a third set of cases, colours totaUy 
unlike are confounded; and the most remarkable colour- 
blindness of this description consists in inability to distin- 
guish red from gi-een or blue. Curiously enough, this defect 
niay exist without the object of it having any suspicion that 
his vision is defective. Thus, Dalton, the celebrated chemist, 
from whom colour-blindness occasionally gets the name of 
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DaUonism, was twenty-five years of age before lie was dis- 
tinctly convinced of his peculiarity of vision. Yet so great 
was this peculiarity that in describing it he wrote : " Crimson 
appears a muddy blue by day, and crimson woollen yam is 
much the same as dark blue;" and further recorded that the 
one side of a laurel leaf seemed to him a good match to a 
stick of sealing-wax, and the other side to a red wafer. After 
Dalton had attracted attention to the matter, it was found 
that his case was so far from being solitary that colour-blind- 
ness in different degrees was not unfrequently to be met with. 
This being the case, it is evident that, on railways and at sea, 
danger signals dependent on the number or position of lights 
are preferable to those dependent on colour, and that red 
lights are specially objectionable. 

185. The laws which regulate the colours of the ocular si^ec- 
tra, above alluded to, are curious, and not so easily explained 
as we are often asked to believe. If a brightly-coloured object 
on a white ground be steadily gazed at, on looking away from 
it to the surface on which it lies, or, still better, looking to a 
dark surface, or shutting the eyes, the image of the object 
remains before the sight, in the complementary colour — ^that 
is to say, in the colour which, added to that of the object 
gazed on, would make white light. If the object be red. the 
spectrum will be green, and if the object be blue, there will 
be an orange spectrum ; and the explanation commonly given 
is, that the part of the retina on which the coloured rays have 
fallen becomes by exhaustion less affected by the rays of the 
same colour in the light around, while it is affected by all the 
colours entering into white light. The following circum- 
stances, however, show that explanation to be insufficient : — 
1. The brightest complementary-coloured spectrum is obtained 
by shutting the eyes, or looking into total darkness. 2. 
While continuing to gaze on the coloured object, a ring of 
light more brilliant than the surrounding surface makes its 
appearance round about, and the spectmm seen on the 
white surface is of the same shade as that ring of light. 3. 
If the object gazed at be on a dark ground, the ring about 
it will be, not one of light, but of greater darkness; and 
the spectrum, if cast on that ground, will be of the same 
shade. 4. If a very brilliant spectrum be obtarned, its colour 
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can be temporarily changed by pressure on the shut eyes, and 
will again return. 

186. The effects of pressure on coloured spectra afford an 
interesting illustration of the fact that mechanical irritation of 
the retina produces a sense of light, and not of pain. I gaze 
on the flame of the lamp beside me, and on shutting my eyes 
I see a spectrum, which, instead of being of the comple- 
mentary colour, is bright yellow, with a red margin, and float- 
ing on a dark green halo. I press my fingers against my 
closed eyes, and obtain the complementery colour, namely, a 
violet spectinim with a green margin on a yellow halo. On 
removing the pressure the original colours return; and this 
can be repeated several times. The appearances are even 
more complex, if the experiment be made with sunlight. 

Phenomena of light imcomplicated with colour can likewise 
be obtained by mechanical irritation. An accidental blow 
on the eye produces an appearance of sparks of fire; and by 
gentle pressure the effects called phosph^nes are obtained. 
A phospJiene is a luminous image produced by shutting the 
eyes, and touching one of them lightly but firmly on the 
outer, inner, upper, or lower border — ^iri short, on any part 
where the retina extends. A luminous crescent, or complete 
circle, flashes into sight at the point diametrically opposite 
the pressure. This is called the larger phosphene, and is 
caused by irritation of the retina at the point touched, re- 
ferred by the mind, like all retinal impressions, to the posi- 
tion vertically opposite. Besides this, a smaller pliosph^ne 
may be obtained, visible at the part touched, which is caused 
by the contents of the eyeball being pressed against the 
opposite point. The smaller phosphene is a blush of light of 
variable intensity, extending over a space, larger or smaller, 
according to the size of the object with which pressure is 
made; the larger phosphfene is always brilliant, evanescent, 
and confined to a ring. Phosph^nes are much more easily 
produced at one time than another ; and after reading to a 
late hour, the mere closure of the eyelids in a dark room may 
cause a bright circle of light to flash before each eye. 

By means of pressure, patterns produced by a number of 
internal structures of the eyeball can be brought into view. 
The branches of the retinal artery mA.y thus be seen as dark 
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or luminoTis lines; also another pattern, wHcIl appears to 
be the network of the choroidal capillaries; and sometimes 
patches of small points closely set together, which have exactly 
the appearance of the extremities of the rods and cones of the 
retina itself. These experiments may be carried to the extent 
of giving pain, and are certainly bad for the eyes. 

The retinal vessels, however, can be seen in a less unplea- 
sant way, by holding a light a few inches from the side of the 
eye in a dark room, and gazing forwards into the darkness 
while the light is gently moved. In a little while the field 
of vision becomes yellowish, and dark lines are seen ramifyipg 
in it in the position of the bi-anches of the retinal artery. 
These are what are termed figures of Purkinjey and are 
occasioned by the vessels intervening between the light and 
the rods and cones behind them. The blood corpuscles, as 
they traverse the anterior layers of the retina, can also be 
seen as luminous spots, when one gazes intently into a clear 
sky. 

187. Lachrymal apparatus, — The secretion of teara is 
primarily useful for keeping the surface of the cornea clear, 
and, in connection with this object, there are channels pro- 
vided by which they may be removed without unduly accu- 
mulating or rolling over the cheeks. But the flow of tears is 
likewise influenced by the emotions; and any one who is 
familiar with the important effects which may be wrought 
by the action of one or two leeches, will be slow to doubt 
that a copious flood of tears may be of great utility in reliev- 
ing a congested condition of the brain. 

The lachrymal gland is similar in structure to the salivary 
glands, is about the size of an almond, is situated in the 
upper and outer angle of the orbit, under cover of the upper 
eyelid, and pours out its secretion by several ducts. 

The eyelids are closely associated with the lachrymal gland 
in function. The upper lid is the more important of the 
two; it is larger than the lower, has twice as many eyelashes, 
has a special muscle for raising it, and is stiffened by a cres- 
centic plate of thin cartilage (superior tarsal cartilage) 
beneath its mucous membrane, while the lower lid has only 
a linear strip of that substance inside \\.^ ■ai'ax^cEv, ^Yt^a 
upper ajid lower tarsal cartilages are -vim^fe^ ^X» ^)£i^ \xi3^«t 
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comer or eanllius of the eye by a little tendon (tendo oouli) 
to tho bone ~ nnd to the sides of this tendon are attaclied the 
fibres of the orbi-eulaTis palpebraintm muBcle, a thia sheet of 
subcutaneous fibres which pass in circles round the eyelids, 
spreading over the adjacent parts of the cheek and forehead. 
This is the muscle by which the eyelids are closed; and its 
attachment to the tendo oculi explains 'why it ia that, when 
the lids are forcibly shut, as, for example, by a reflex action 
on tasting aoiaething sour, their edges are drawn inwards to 
the nose. When the eyes are opened, the lower lid falls back 
into its place by elasticity, but the upper lid is raised by its 
levator palpebrte muscle, which comes forward from the back 
of the orbit, lying on the superior rectus, and is attached to 
the upper border of the superior tarsal cartilage. On evert- 
ing either eyelid, a set of nodulated yellow streaks may ha 
seen beneath the mncons membrane or eonjurmtiva (p, 229). 
They are the Meibomian follicles, and are a set of sebaceous 
glands which keep the mai-gins of the lids oiled, and so help 
to prevent the tears fiom running over the cheeks. 



Fig. 125. — Lacbrymai AprAnATUS. a. Levator ])alpebne mnads; 
b, tarsal cartilago of the upper oyelid; c, Meibomiftn follicles, 
eihibitcd by division of tlie upper eyelid and reflection of Gus 
outer part; il, onniniulajt?, plica semilunaria; /, lachrymal gluid 
with tlie orilices of its ducts below it; g, canaliculi, with the 
puQcta lachrymiilia od the edges of the eyelida; A, lachrymal 
eao; ^ nasal duct. 
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At the inner canthus of the eye, there is a little spongy- 
looking bit of mucous membrane, called the caruncula, rest- 
ing on a fold of smoother membrane, the edge of which is 
laid against the eyebalL The fold is the plica semilunaris^ 
and is the vestige or representative of a third eyelid, more 
distinct in many mammals than it is in man, and developed 
in birds, especially those of the nocturnal sort, as the memr 
hramxi nictitans, a structure which rapidly sweeps across the 
eyeball to clear it, instead of the upper lid moving as it does 
when we wink. This can be readily seen in the owL 

Opposite the plica semilunaris, the margins of the eyelids, 
particularly that of the lower lid, change their direction; and 
on the elevation where this takes place there may be seen in 
each, when the lid is slightly pulled outwards, a little open- 
ing which rests against the eyeball. These openings are the 
puncta lachrymalia, which lead into two minute ducts called 
canaZiculiy each of which passes vertically into the eyelid for 
a very short distance, then turns abruptly inwards to open 
into a sac behind the tendo oculi, whence the tears pass 
downwards by the nasal duct (p. 37) into the nose. Thus 
the tears, secreted by the lachrymal gland, pass across the 
eye, washing the conjunctiva; and every time a wink takes 
place, the puncta lachrymalia, and the parts of the canaliculi 
in connection with them, are lightly pressed against the eye, 
so that when the pressure is removed, the moisture is sucked 
into their interior; and only when there is a redundant 
secretion, or when by some irregular movement, as in laughter, 
the puncta lachrymalia are disarranged, do the tears accu- 
mulate within the lids, and overrun the cheeks. 

188. Hearing. — ^The simplest form of ear may be studied 
with advantage in the cuttlefishes, in which animals the 
organs of hearing are imbedded in a cartilaginous collar in 
the neck, and consist each of a sac supplied with nerves, 
filled with fluid, and containing some loose particles of hard 
substance. The vibrations of sound are communicated to 
the fluid in the sac, and, according to an acoustic law, are 
strengthened by beating against the solid particles contained 
in it, and they stimulate the nerve-terminations. But in all 
vertebrate animals, the ear is much more complex, and^ 
particularly in mammals, not only is "tke i^xYcciarj «aa Va;^^ 
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complicated to produce an 0159,11 capable of appreciatiiig the 
fine varieties of sound, but there are many accessorj parts 
added, which bring sounds within reach of the Benaitive atmc- 
turea, and likeivise protect these from over-Btiniiilation. 

The human ear consista of three parts : the external, middle, 
and internal ear. The internal ear is the essential organ, of 
hearing, filled with fluid, and containing the distribution of 
the auditory nerve. The external and middle eai-a contain 
air, the external ear being open to the outside, and the 
middle ear or tympnnuTiiy.aa it is called, communicating with 
the ])harynx:; and they are separated, one &om the other, by 
a partition, the memhrana tympani. 




Fig. 120.— CiBTiLAOB AND MtrsCLEs OP EsTRKKAL EAR. A, Outer 
aspect. B, Cranial aspect, a, b, c, attrahena, attollena, aud retra- 
hena aunculim luusclcs ; d, concha ; e, antiliBlix ; /, g, large and 
email muscle of helix ; h, tragus and tragic muscle ; i, antitragna 
and antitragic muscle; i, the edge of tbe cartilage which is 
attached by librous tissue to the eitemal auditory meatus ot the 
temporal bone ; I, tragus from behind ; m, tranaverae mnscle cross- 
ing the sulcus at the hack of the antihelix ; n, oblique muscle 
crossing sulcus at the back of the inferior branch of the anli- 
belis. The lobule is represented in dotted outline, 
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i89. The external ear consists of two parts, the pinna and 
the canal. The pinnaj or that part which is understood when 
the ear is spoken of as a feature, presents various named 
inequalities of surface. The outer border, which exteijds 
round the back, and cui-ves inwards in front, is callejlr the 
helix; the elevation within it, forked at the upper part, is 
the o/ntiJieUx ; while the hollow at the bottom of which the 
canal is placed is called the cup or concha. The little eleva- 
tion in front of the canal is called the tragus ^ the similar 
elevation behind is called the antitragiis, and the pendulous 
part is the lobule. The pinna consists of a framework of 
cartilage covered with integument; but at the lower end of 
the helix, the cartilage comes to a point, and in the lobule 
there is nothing but a mass of firm adipose tissue. The 
lobule is sometimes absent, and is a human peculiarity, the 
beautifully rounded ears of monkeys having none. The 
pinna, in many animals, is obviously useful as an ear 
trumpet for gathering sonorous vibrations; but in man it is 
of comparatively little service, although it is provided with 
muscles which give it a slight degree of movement. One of 
these muscles passes from the parts in front, another from above, 
and a third from the mastoid process behind, to be attached 
near the root of the pinna; and they are named, respectively, 
the attrahens, attoll&ns, and retrahens auriculam muscles. 
There are likewise various still smaller muscles which pass 
from one part of the pinna to another ; thus, one bundle on 
the tragus, and another on the antitragus, pull these eminences 
very slightly downwards and apart; two slips are placed on 
the fore part of the helix, and the antihelix and its inferior 
branch are each crossed by short fibres on their cranial sur- 
face; but the only interest connected with these muscles is, 
that they represent more important structures in the lower 
animals. So also there is a little tubercle often present near 
the upper part of the margin of the helix, which is interest- 
ing as being the alleged representativo of the tip of the ear 
in animals which have the pinna pointed (Darwin). 

The canal or external auditory meatus of the ear, about 
an inch and a quarter in length, is partially bounded in its 
outer part by cartilage, continuous with that of the pinna; 
but, more deepljr, for mox*e than half its length, has osseous 
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walls, vbich belong to the temporal bona The mtegnment 
with which it ia lined secret^ eeTnanen fivm glands of a 
structure similar to sweat glands, and is iHirnished, towards 
the superficial extremity, with fine hairs inclined outwaids, 
80 as to ofier an obBtacle to the entrance of particles of dugt. 
Additional protection is given hj the direction of the canal, 
which is inclined slightly backwards at its commencement, 
under cover of the tragus, then turns a little forwards; and 
also in the outer half has an upward slope, which is suddenly 
changed for a downward inclination in the deep part 
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canal of the eitemal ei _..._,.. ^ , . 

part removed c malleus d mcae, e stapes with its base fill'Tig 
up the fenestra ovahs (the feoestra rotuaiia ia seen a little lower); 
/ Eustachian tul e g tensor tympaiii muscle ; k, stiqiBdiDl 
muscle 1 1, port o dura of the seventh nerve divided; it, uustoid 
cells ^} vest lular and cochlear divisions of the portio m<dlil 
or auditory nerve n vest bule; o, cochlea. 



ing of integument oa the outieide, «dA of mucous membrane 
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within. Its fibrous part is attached to the bone round about, 
and has its principal fibres radiating from the lower end of 
a process of an ossicle in the tympanum, the homdle of the 
malleus, which descends between the fibrous and mucous 
layers. The membrane is sloped so as to approach nearer 
the surface at its upper than its lower edge; and it is slightly 
concave on its outer side, being pulled inwards at the point 
where the malleus is attached. 

190. The middle ear, called also the cavity of the tympanum 
or dnmiy is a space of greater vertical height than the canal, 
and still more extensive from before backwards, but narrow 
transversely. At its fore part is the opening into the EustOr 
chian tube, a passage about an inch and a half long, leading 
into the pharynx (p. 89). This tube is small and bounded 
with bone for a short distance at its tympanic extremity; 
but in the rest of its extent is cartilaginous, and gradually 
widens. Its cartilaginous wall is replaced with membrane 
at its lower part, and is so related to the levator palati muscle 
that, in the act of swallowing, that muscle momentarily 
closes its pharyngeal extremity. It is lined with ciliated 
epithelium, as is also the tympanum. It allows the passage 
of air into the tympanum, but is very easily blocked up by 
the adhesion of its walls, near its fore part; and if, when 
this occurs, the tympanum have either too much or too little 
air in it, the effect is a disagreeable sensation and interfer- 
ence with hearing, liable to occur after violently blowing the 
nose, and producible by holding the nostrils, and making a 
strong expiration with the mouth shut, so as to force air into 
the tympanum. When the sensation is produced, it lasts 
for a variable length of time, according to the extent of 
contact of the walls of the Eustachian orifice, and the 
viscidity of the substance which causes them to cohere; and 
it is often removed by the instinctive repetition of the act 
of swallowing, and stretching the neck on the affected side, 
so as to make a greater pull on the floor of the orifice, as 
the parts fall back into their places on the cessation of the 
spasm of deglutition.* 

* It is only fair to stato that the opinion held by the late Mr, 
Toynbee, that the Eustachian tabe is in ordinary circumstances &b3a5*« 
and is momentarily opened in swallowing, ia \i<&\<^ V} Ti\axi:^>'V^'*^*^sv 

14 «► 



258 ANIMAL PHTSIOLOQT. 

Posteriorly, the tympanum communicates with the mastoid 
eeUsy a set of small irregular spaces in the mastoid part of 
the temporal bone, which can scarcely be supposed to be 
functionally important, as they vary greatly in extent, and 
have little development in young persons. 

On the inner side, the tympantun is bounded by the petrous 
part of the temporal bone, which contains the internal ear 
imbedded in it; and here there are two small openings, one 
above the other, which are important as establishing a com- 
munication between the middle and internal ear. The lower 
of these openings, iike fenestra rottmda, about the size of a 
pin head, is blocked up with a membrane, the secondary 
memhrana tympani; while the upper opening, the fenestra 
ovalis, somewhat larger, has fitted into it the base of the 
stapes, one of the small tympanic ossicles. 

191. The tympanic ossicles, three in number, the maUeuSf 
incus, and stapes, make a communication between |the mem- 
brana tympani and the internal ear. The ossicles termed 
malleus and incus, from a fancied resemblance to a hammer 
and anvil, lie one in front of the other, the malleus foremost 
The malleus has at its upper part a head, which articulates 
behind with the incus; and descending from the head is the 
handle, or manubrium, the extremity of which we have 
already seen to be connected with the membrana tympani 
Another process, procesaus gracilis, springs from below the 
head of the malleus, and passes forwards to be attached in a 
fissure of the temporal bone. The incus articulates by its 
thickest part with the malleus, and sends out two processes, 
one of which projects horizontally backwards, and has a 
ligamentous attachment in front of the mastoid cells, while 
the other, which is longer, descends vertically, and is turned 

this country and on the continent. In such a work as this it is sufficient 
to mention two objections to that idea; namely, that it is anatomically 
impossible, and that I have myself, as elsewhere recorded, actually 
seen through a perforation in the palate, the extremity of the Eusta- 
chian tube lying open when the throat was at rest, and dosed in tiie 
act of swallowing. And it is to be remembered that it is only about 
the extremity of the tube that there can be a question; since no one 
doubts the patency of the osseous part, and Kildinger has demon- 
strated a permanently patent canal in the first part of the cartilagi^* 
PUS pof fcioa, 
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inwards at its extremity to articulate with the third ossicle, 

the stapes. The stapes, as its name implies^ is shaped exactly 

like a stirrup; it lies horizontally, 

its head articulating with the incus, 

and two branches extending inwards 

to its base, which is fixed by means 

of a ligament which surrounds it in 

the fenestra ovalis. Thus, it will be 

perceived, the tympanic ossicles are 

suspended between the tip of the Fig. 128.— Tympanic Ossi- 

processus gracilis of the malleus in ^le^ op Right Ear. a, 
■^ . 1 J.X. i. 'J. j»j.T_ 1- • Processus gracilis of mal- 
front, and the extremity of the hori- 
zontal process of the incus behind, 
and are capable of a swinging motion 
round the line joining those points, 
of such a description that the de- 
scending process of the incus swings 
outwards or inwards with the handle 
of the malleus, and communicates 
its movement to the stapes. 

192. This is precisely the principal 
movement which takes place, and it 
is accomplished by two muscles. 
The t&Mor tynvpcmi muscle arises 
from the cartilaginous wall of the Eustachian tube, and 
entering the tympanum, is confined by a ledge of bone 
to the inner wall, till it is opposite the position of the 
malleus; it then becomes tendinous, and stretches across 
the cavity, to be attached near the base of the handle 
of that bone, pulling it inwards, and so increasing the con- 
cavity of the membrana tympani, and putting that membrane 
on the stretch. An antagonistic muscle, the laocator tympcmi, 
less distinct, arises likewise from the Eustachian tube, and 
is attached to the malleus above the level of the processus 
gracilis; thus pulling the head of the bone inwiurds, and 
swinging the handle outwards. Now, as has been mentioned, 
the internal ear is filled with liquid, which is incompressible; 
and it is surrounded with unyielding walls, save only at the 
two fenestrse; when, therefore, the tensor tym^«jai y^^*^*^ 
handle of the malleus inwards, bo as to xa^^ \\:ift xx^sjoiOTwxia. 



gracili 
leus; 6, posterior process 
of incus; the line ah is 
the axis of rotation. 
When c, the handle of 
the malleus, with fibres 
of the membrana tym- 
pani radiating from its 
extremity, is pulled in- 
wards by 6, the tendon 
of the tensor tympani, 
the incus likewise ro- 
tates and pushes d, the 
stapes, in at the fenestra 
ovaiis; /, tendon of sta- 
pedius. 
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tympani tense, and the incus, partaking of the movement of 
tlie malleus, pushes the stapes in at the fenestra ovalis, it is 
plain that the whole contents of the internal ear are suh- 
jected to pressure, and that the secondary membrana tym- 
pani is likewise made tense. Thus a harmony is maintained 
between the condition of the primary membrana tympani 
and the internal ear. 

But it might happen that the nervous structures of the 
ear might require protection from violent noise, as the retina 
requires protection from excessive light, and gets it by excit- 
ing a reflex action which contracts the pupil; for this reason 
there is what may be described as a safety-valve arrangement 
connected with the stapes. To the neck of the stapes a tendon 
is attached, which passes back through a foramen in the 
posterior wall of the tympanum, and, when the bone is 
broken open, is seen to be continued into a muscle called the 
stapedius muscle. This muscle, when it contracts, pulls the 
stapes into an oblique position in the fenestra rotunda, and 
interferes with the pressure of the incus, thus relieving the 
inner ear from a state of tension. Judging from the anatomy 
of the parts, we may conclude that this is a correct view of 
their function, and that the stapedius muscle is stimulated 
to contract by a reflex action, of which the auditory is the 
incident or sensory nerve. 

193. The internal ear is imbedded in osseous tissue; and the 
cavity which it occupies, the osseoics lahyHnth, can be weU 
studied in a macerated temporal bone. The petrous portion 
of the temporal bone is a long three-sided pyramid of hard 
consistence, with its base turned towards the tympanum; 
and in its posterior wall, which looks into the cranium, there 
is a large foramen, the meatvs auditorius intermis, directed 
outwards. When this meatus is looked into, it is seen to 
terminate very soon in a perforated plate, which occupies its 
lower part, and leaves an opening into a canal above it. This 
canal, termed aqua^uctus Fallopii, gives passage to the portio 
dura of the seventh nerve, otherwise called the facial, and 
has nothing to do with the organ of hearing; but the per- 
forated or cribriform plate transmits the portio mollis or audi- 
tory nerve to the internal ear; the perforations in its fore 
«ai iinder moiety leading xespwtiv^Vj iiAci tba anterior and 
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posterior divisions of the labyrinth. The posterior part of 
the osseous labyrinth is called the osseous vestibule^ and 
contains the memhramxms vestibule floating within it; the 
anterior part is called the cochlea, and in it the osseous and 
membranous parts are more intimately connected one with 
the other. However, in the dry bone, the parts seen are the 
cavity of the vestibule, with three semicircular' canals coming 
off from it behind; and, in front of the vestibule, the cochlea, 
a spiral tube coiled on itself like a snail's shell. 

The cavity of the vestibule is the part into which the fenes- 
tra ovalis opens. The three semicircular canals spring from 
its back part; they are about a twentieth of an inch in width, 
and each makes a circuit about a quarter of an inch in 
diameter. One of them, the external, is placed horizontally; 
the other two, called the posterior and the superior, are 
somewhat larger, and lie in planes at right angles one to the 
other; the posterior being close to the hinder surface of the 
bone, and the superior springing from a part which is common 
to it and the posterior canal, and arching outwards, touching 
the upper surface of the bone. Each semicircular canal has 
a dilatation or ampulla near one extremity. 




Fig. 129. — Membranous Labrynth, diagrammatic view, a, &, c, 
Superior, posterior, and external semicircular canals ; d, utricle; 
e, saccule; /, canalis reunions; g, canalis membranacea cpchlese. 

The membra/nous vestibule, lodged within the osseous, is 
connected with it merely by vessels and nerves. It presents 
two cavities separated by a thin partition : the anterior is 
named the saccule, and connected, as we shall see, with the 
cochlea; the posterior, which is larger, is called the VLts^sX^^ 
and gives off membranous semicircviiaT c»iiaXa,'^\!^ODk.\^aV>^^'^ 
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in the oflseons canals of the same tuuue, and likewise exhibit 
each an ampulla. The fluid in which all these membraitoua 
Btrncturee float is called the peri- 
lymph, and that which they contain 
is railed the endolymph. The nerves 
are supplied only to limited portions 
of the membranouB vestibule, one 
branch passing to the saccule, an- 
other to the utricle, and one to a 
little crescentic elevation projecting 
into the interior of each ampulla. 
The interior of the menibranoua 
vestibule is lined with epithelium; 
and exceedingly slender straight 
haii-a project through the epithelium 
at the parts supplied with nerves, 
and are probably in continuity with 
the nerve fibres. These hairs may 
be supposed to vibrate with sono- 
'~- roua vibrations; and to make such 
~' vibrations stronger, there is a collec- 
''^"tion of minute crystals of carbonate 
of lime, the ololUIig or otoconia, in 
the neighbourhood of the tennina- 
j tion of each branch of nerve. 

Fig. 130.— Nebvb-tbrmi- 194, The coehka is, in its early 
NATioNswAN Ampulla, development, an outgrowth from the 
i^XlUted ^''nler^e vestibule, and as it elongates it 
fibres; i.i.fusifomi cells; becomes spirally coiled, taking two 
c, c, auditory hairs, complete turns and a half, tapering 
Eudinger. ^ {[g extremity, and acquiring, as 

has already been remarked, the appearance of a snail's 
shell The base of the shell is at the perforated plate of 
the inner auditory meatus, the apex abuts against the 
tympanic end of the Eustachian tube, the mouth is in 
connection with the vestibule, and in the centre of the 
coils of the tube is a pillar of bone, the modiolitg, pierced 
with canals containing the cochlear branches of nerve. Around 
the modiolus is a spiral ledge of bone, the lamina tpiralie, pro- 
jecting into the interior of the tube; and continued directly 




outwards from the edge of thia is a fibrous partition, the 
basilar frtembrane, dividing the tube longitudinally into two 
parts, and attached at its outer edge to the wall of the tube 
by muscular fibres, which can keep it tense. Another and 
much more delicate partition, the mem^ime of Seismer, 
extends upwards and outwards from the lamina spiralis to 
the outer wall of the tube; and thus there are three parallel 
passages separated from one another. Of these, the upper 
or that turned towards the apex of the cochlea, is called the 
scala vestihidi, and commences in the cavity of the vestibule; 
the middle passage, placed between the basilar membrane 
and membrane of Beisaner, is called the ecmalig jnembranacea, 
and is coatinuoua with the membranous vestibule, being con- 
nected with the saccule by a little duct, the canalia reuniens; 
while the lower paswge tha scala tympa/nt, starts from the 
closed fenestra rotunda and is stparated fiom the ■vestibule 
by the basdir membrane, so that its only continuity with 
that cavity in the fresh state is bv a small opening at the 
apex of the cochlea, the hdtcotrema where it commumcatea 
with the scala vestibuli beyond the blind extremity of the 




Fig. 131 — CocHLBi OF Nkw born Pro Mction. a Canalis mem. 
bramicea b scala tympani c scala veistibiih d basilar mem- 



Dranacea O scaia xjmpaDi c Bcaia veauttuu u uaauaj- luciu- 
brane and or^n of Corti, e, membroue of Beissner / sgiral 
gaughon. B«icbert 
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canalis membranaceA. It will be understood from this that 
the two scaln &re filled with perilympli, wMle the canalia 
membr&nacea is lined with epltheliam, and contains endo- 
l/mpb. 




Fig IS"* — Oboan of Coeti diagrwnnuitio view a Basilar mem 
brane b tou^li atractnie attached to the edge of the oaaeoni 
lumina gpiroliB termed ta Inabua and preaantmg a toothed 
ftppearance c membrane of Reisaner d, a membraQa tectona 
e, ner^e perforatmg the basilar membrane , /, /, ep theLai cells, 
!f, k, inner and enter groups of ciliated or hair-bearing cells; >, i, 
inner and outer rods of Corti ; I, membrana veiaiaeiito^t. 
In the interior of the canalia membranacea, situated on 
the basilar membrane, is the senaitive part of tb© cochlea, an 
exceedingly complicated stractur© called the organ (ff Corti. 
Thia organ contains numerous sets of nucleated cells, aome of 
them fumiabed with Btiff cilia or hairs, and it is permeated 
with very fine ramifications of the cochlear nerve; and it also 
contains an outer and inner range of very remarkable strap- 
shaped structures of comparatively tough consistence, one 
range leaning against the other, like the rafters of a house. 
These strap-shaped structures are called the rods of Corti. It 
is curious to note that, while the osseous cochlea diminishes 
from basa to apex, these rods increase in length (Urban 
Pritehard), and the basilar membrane on which they lie 
increases in breadth as the apex is approached (Henle). 

195. It is difficidt to understand the exact mode of action 
of the different parts of the internal ear. It has been long 
generally assumed that the semicircular canals are useful 
in determining the directions whence sounds proceed, and 
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that the cochlea is a kind of spiral harmonicon, vibrating in 
difierent paiia of its extent in unison with sounds of different 
pitch; and these appear to be probable suppositions; but 
neither the actions of the semicircular canals nor those of the 
cochlea are understood in detail. 

The most distinct hearing is, beyond question, that derived 
from sounds which enter by the external ear. We turn an 
ear towards a sound which we wish to hear distinctly, and 
hear very badly when the ears are stopped. The membrana 
tympani obviously receives principally sounds entering by 
the external ear; and if the vibrations of that membrane 
are converted into a swinging movement of the ossicles, as 
experiments seem to show, and are thus communicated to 
the labyrinth, it is very plain that vibrations entering by 
the external ear can be of no use in enabling the semi- 
circular canals to determine the direction from which a sound 
is coming. It would appear from these considerations that 
direction, except in so far as it is determined by trying in 
what position of the external ear a sound is heard loudest, is 
appreciated by means of those vibrations which pass through 
the bones of the skull ; and as bearing on such a supposition, 
it may be mentioned that sounds heard when the ears are 
thoroughly stopped are sometimes correctly judged as regards 
their direction, and that fishes, which have no external ears, 
or only minute pores to represent them, have very large 
semicircular canals. It is also possible that sounds conveyed 
to an ampulla, along the length of the semicircular canal to 
which it belongs, may affect it more than others; but nothing 
certain is known on the subject. 

It must not, however, be forgotten, that we are often 
guided to the direction from which a sound comes by circum- 
stances which have nothing to do with the ear, such as expec- 
tation of sound from a particular quarter, or the direction of 
the eyes of onlookers. So also the distance from trhich a 
sound comes is judged of altogether by experience. The art 
of the ventriloquist consists simply in correctly imitating the 
effects produced by sounds at different distances, and in 
stimulating the imagination, and directing the attention, so 
as to make his hearers believe that a sound comes from a 
particular quarter. The illusion would \>q d&^\x<yj^ M '^'s^ 
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performer were to show anjrtnovement in .bis face indicating 
speech; but, nevertheless, his voice proceeds from his larynx, 
and the words are formed by the organs of speech, and the 
effect is produced entirely by imitation and persuasion. 

The precise mode of action of the cochlea is as little deter 
mined as that of the semicircular canals. It is rudimentary 
in birds, and in its spiral form is peculiar to mammals. It 
may fairly be assumed that by this part of the ear we become 
cognizant, not only of pitch, but likewise of the quality or 
timbre of sounds, seeing that it has been discovered that 
timbre depends on the mixture, with a principal note, of a 
great variety of others in consonance with it^ But the mode 
in which the characters of sounds are preserved unaltered in 
their passage to the cochlea, and the reason why the rods of 
Corti get longer as the diameter of the cochlea gets narrower, 
are subjects for further investigation. It cannot be doubted 
that the vibrations of the hairs, projecting from nucleated 
cells, are those which immediately affect the auditory nerve, 
and that they are produced by vibration of the walls of the 
membranous canal, but there is no evidence as to the part 
played by the rods of Corti It ought not to be lightly 
assumed that they strengthen sound; they may possibly act 
as dampers, to check reverberation. 



CHAPTER XVI. 
VOICE AND SPEECH. 

196. Voice. — The organ of voice ia the larynx, a modifica- 
tion of the upper part of the trachea, consisting of a frame- 
work of cartilages, lined with 
mucouB membrane, and moved 
on one another by muscles 

The lowest cartilage of the 
larynx is called the cricoid car- 
tilage. It forma a complete 
ring abo^e the first cartilage of 
the trachea, and, while narrow 
in front, rises to a height of 
more than half an inch 
behind. 

Above the cricoid, and par- 
tially embracing it, 19 the 
thyroid ewrtilage This carti 
lage is open behind, and, at the 
upper border in front, projects 
forwards, making the promi 
nence called "Adam's apple" 
In front, its lower border is a j 
little above the cricoid, and the 
space thus left is filled up with 
elastic tissue, the cnco-tkyroid 
membrane; but at the sides its 
depth increases, and it sends 
upwards and downwards two 
pairs of comna; the inferior 
comua articulating with the 
sid^ of the cricoid cartila^, » 




■CAKTILAaB3 OV THB 

. from behind, a, 
Eyoid bone ; b, lateral thyro- 
hyoid ligament ; if, thyroid 
cartilage; rf, cricoid; «, ary- 
tenoid cartilage, sarmounted 
by cartilage of Santoriui; /, 
epiglottiB ; g, aperture o£ 
glottia, with vocal cord on 
each aide. 

I as to Si^mMv «. cKPts.«i "A 
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rotation, aad tlie laperior baiiig onited b; ligaments of some 
length to the hy old bone. 

Surmounting the liack part of the cricoid are the arytaioid 
cartilages, two bodies ^laped like three-sided pyramide, 
articulated at their bases to the cricoid cartilage, and curved 
backwards at their apices, so as to give the mucous mem- 
brane which covers them an appearance in the middle line 
like the spout of a water-jag, from which they get their 
name. At the anterior angle of the 
base, they are prominent, and give 
attachment to elastic fibres which 
pass directly forwuda to be attached 
to the thyroid cartilage close to Hm 
middle line. These are what in 
strict auatemical language are known 
as the vocal cords. 

But by the term vocal cords are 
moat frequently imderetood, not 
merely the few fibres mentioned, 
but likewise the folds of mucous 
membrane in which they lie. The 
mucous membraue, disposed cylin- 
drically in the interior of the cricoid 
cartilage, approaches the middle line 
from each side to cover tiie elastic 
fibres described; and is then ab- 
ruptly reflected outwards, forming 
on each side a hollow called the 
ventricle, prolonged inte a litUe soe- 

fioN of~l1kynx a '^^ "* ^■**°'^ ^""^ ^™^'*^ "^^ *"? 

H>oid bono bed a semilunar fold called the /o&e ttocof 

thvro d cnoo d and cord. The first-mentioned folds, or 

orj tenoid cartikgea t true vocal cords, are those 1^ whose 

true iwd cord / false titration the voice is produced; in 

vooalcord, and beneath v ,■ ^i. " r "« ™*, i^* 

it the ventricle of the vocahzation. they are approximated 

larynx; g, epiglottis; k, to the middle line; they are pro- 

tongiTo. tected with squamons epithelium 

from the fon-e of the air which whistles past them, and have 

their position and tension regulated by muscles. The space 

butwoeu thfin is termed the glottis or rima gloUidis. 




The mogt important uiubcIm of tlie larynx 
trauBverse arytmoid muBcle, uniting the 
of the arytenoid cartilages, and 
drawing (ioae cartilages together 
when the larynx is shut, (2) a pan 
oi pMlerior eneo-an/terund mnscleB, 
passing up irom l£e back of the 
cricoid cartilage to the arytenoid 
cartilages at their outer angles and 
rotating the vocal cords outwards, 
so as to widen the glottis, (3) a 
pair of latent eneo-arytenoid muscles, 
passing backwards from the sides of 
the cricoid to the outer angles of the 
arytenoids, and rotatmg the vocal 
cords inwards to the middle Ime , 
(4) a pair of thyroarytenoid muscles \ 
lying in the folds of the vocal cords, v.^ 
uid shortening them by rotating tlie 
tiiyroid cartilage upwards on the 
cricoid; (5) a pair of crico-tliyroid 
muscles, seen &om the front, and 
stretching the vocal cords by rotat- 
ing the thyroid cartilage downwards. 
197. If the larynx be examined by 
means of a taryngoBCope, that ia to say, 
s mirror placed in the back part of 
tiie throat, bo as to throw light down 
on the larynx and reflect its image 
to the eye of the observer, it will be 
seen that, as soon as vocalization 
commences, the vocal cords spring 
toward 4^ middle line, leaving only 
a chink between them, and that they 
as quickly recede when the voice 
ceases. Their edges are turned one 
toward the other when in action ; 
but at other times they are everted. 
This agrees exactly with the results 
got by tying a bit of india-rubber or 




Ig 13j — MCSCLK<1 O? 

THE Larynx Tiewfrom 
the Ifit Bida behind, a, 
Sectioa o£ thyroid car- 
tiliLge, the left aide of 
which is removed with 
the exception of b, the 
part articulating with 
the cricoid cartiuiEe ; e, 
arytenoidoua mtuclc; d, 
posterior orico-arytonoi- 
deuB ; e, crico-thyroi- 
deaB ; /, crico-thyroid 
ligament; g, crico-ttry' 
tenoideoa lateralia ; h, 
thyro-srytenoidena, ita 
npper edea correspoiid- 
ing with Uia edge of the 
vocal cord; i, i^ thyro- 
and aryteno - epiglotti- 
detis, resting on the 
aryteno - epiglottidean 
fold of mucous mem- 
brane. A portion of Uia 

moved between h and k 
to show the pontjon of 
the glottis. 
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other membi'aae to the end of a tube, and holdmg it so as 
to leave a chink between two tight edges. As long aa ths 
edgea are inclined one to the other, or are parallel, a note is 
produced by blowing through the tubej but when the edgea 
are everted, the sound ceases. 




lowing the ■ 
utterins a high pitdied note, a, Gpiglottia; b, c, sweUings cot- 
responmng to cartilaginonB nodules 01 Wrisberg uid Santorinij 
d, true vocal cord; e, false vocal cord. After Czaimak. 
The not© produced by vibrating strings and lamJnte is 
dependent on two thinga, namely, the length of the Btring or 
free edge, and the degree of tension. Both these principles 
are illustrated in the human larynx. The I'eason why the 
voices of women and children are higher in pitch than those 
of ftdult men is, that in women and children the larynx is 
emaller and the vocal cords are shorter; and in boya, at the 
age when the voice begins to grow rough, an obvious enlarge- 
ment of the larynx, as judged by Ae prominence of the 
pomun Adami, may be observed. But the different notes 
of any one voice are produced by varying tension oS the 
voeal cords. This may be easily proved by placing a finger 
over the space occupied by the crico-thynnd membrane and 
running over the gamut, when the thyroid cartil^^ will be 
felt gradually coming down over the cricoid, in the manner 
which bos been already shown to stretch the vocal cords. 
At the same time, the whole larynx rises more nearly to a 
level with the tongue, and hence the comparative clearness 
of the higher notes. 

Ths various cavities above the level of the vocai cords, 
acting as j-csonating chambers, determine the timbre of the 
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voice. First of these come the ventricles of the larynx, 
while above are the pharynx, nasal fossae, and frontal, 
sphenoidal, and maxillary sinuses (p. 222); and among 
various causes which combine to alter the tones of the voice 
in old age, may be mentioned the tendency of the entrances to 
these sinuses to get conti^cted or blocked. up; for, although 
the dimensions of the various air-cavities of the skull get 
larger in advanced life, the entrances into them become 
smaller. "From, the low position of the larynx, in the utter- 
ance of deep notes, overshadowed as it then is hj the root of 
the tongue, the voice is thrown more backwards in them, and 
reverberates more in the various sinuses. 

198. Speech is to be carefully distinguished from voice. 
"Voice without speech is an inarticulate sound; speech 
without voice is a whisper. Speech is accomplished by the 
modifying action of various organs on the expiratory currents 
of air passing through the mouth. The tongue is by no 
means the exclusive, nor even the principal organ of speech. 
In ordinary language, speech is referred to as the use of the 
tongue, and taste as the use of the palate; and even the 
word "language," etymologically, means action of the tongue. 
Yet the palate has little to do with taste, the tongue being 
the only part in which that sense resides; while the palate, 
the lips, the fauces, and even the nose are organs of speech 
as well as the tongue, and persons from whom the tongue 
has been completely removed by operation continue to speak 
sufficiently plainly to be understood. The sounds of the 
various vowels are made by varying the shape of the aperture 
through which the air escapes by the mouth; the consonants, 
on the other hand, are sounded by placing obstructions of 
different kinds, and in different places, in the way of the 
current of air. 

In the following table an attempt is made to arrange all 
the possible consonant sounds, according to their mechanism, 
as labial, palatal or dental, and guttural. It will be observed 
that the fore parts of the tongue take no part in the forma- 
tion of any labial or guttural sound; and that in the dental 
series there are two in which the tongue takes no part, 
namely, sh and French j, the only two sounds in which the 
Iqwgv te^th take part, The upper t^Qttv ^^te ^^^ \£x \^^ 
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aonnds ranged with the labials, namely, f and v. Corre- 
sponding hard and soft sounds are placed together in each 
aeries in the table. The consonant sounds w and y are 
omitted, because they are simply a rapidly sounded (m and ee. 



Obfltruction total - - 

Incomplete contact of 
(uuts, without ob- 
stmction - - - . 



Vibratory contact 

Current by the sides 
of an obstruction - 

Current reflected into 
the nose from an 
obstruction - - • 



Labtat«. 



p, b 



Inarticu- 
late sound 
likepw 



m 



Palatal AND 
Dental. 



t, d 
\ th {ftien) \ 

8, Z 

sh, j (French) 



GUTTUEAL. 



1 



k, g [gum) 
h, the burr 



Inarticu- 
late gurgle 



ng 



CHAPTER XVIL 
REPRODUCTION AND DEVELOPMENT. 

199. The simplest method of multiplication observed in any 
set of living bodies is by splitting up into different parts, each 
of which becomes a distinct individual. This is called multi- 
plication by fissiparoua division, and is principally found in 
the very simplest forms, such as unicellular organisms. It 
is precisely the same mode of multiplication, occurring in 
distinct beings, as that by which cartilage-corpuscles and 
others increase in number. 

When small portions, or buds, are separated from a parent, 
the mode of reproduction is said to be of a gemmiparoua 
description; and if the bud should happen to be only a single 
nucleated corpuscle devoted to reproduction, separated from 
a large mass of such corpuscles, or from an organism how- 
ever complex, yet it is plain that it may be none the less 
fairly considered as a bud or germ from the whole organism. 
Now, that is precisely what an ovum essentially is : but an 
ovimi, whether vegetable or animal, has the peculiarity that 
it will not develop into a new individual unless there be 
incorporated with it another germ of dissimilar kind, though 
derived from the same species of organism; and herein con- 
sists the essence of sexual reprodriction. The germ which 
appears to retain its individuality before and after fertilization 
is the ovum, or female element ; while that which disappears 
by being incorporated therewith is the male element. 

200. In the present state of science no explanation can be 
given why such a thing as sex should exist. It is difficult 
to say how far down in the organic world the distinction of 
sex extends, but it exists in organisms of exceedingly simple 
character; and in those of more complex descriptions, although 
in certain instances a series of generatiioiia «j:^ ^xq»^^'^^ 

24 ^ 
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by mere gemmiparOTis reproduction, sexual reproduction is 
always resorted to after a cycle lias been passed through. 

The modes in ■which such cycles are accomplished are very 
various. In many instances, both in cryptogamic plants and 
in the lower forms of animals, there is a manifest alferTialion 
o/ generation. Thus the spores on the frond of a fem are 




Fig. 137. — Al/TBRBATK GEKEBiTION OF Hybboib ZoOPHITB (Bougaiii' 
villia nunoEa). A, Zoophyticform; a, meduBoid. B, liberated 
meduBoid. After AUman. 
asexual germs, which grow up to form a lichen-like plant, 
the prothkllus; the prothallus bears upon it male and female 
eJementB, and from the union of these the yonng fem takes 
iia ziae. So also among animtAa, m ^n&Kj hydroid zoo|Aytes 
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the zoophytio form, ■wMch ia the more largely developed 
condition, gives origin by gemmation to meduaoids bearing 
male and female elements, and from the fertilised ova of these 
mednsoids new colonies of zoophytes take origin. There are 
many other examples of alternation of generation among 
animals; but the interest in this case is increased by the 
circtuuBtance, that in other hydroid zoophytes the buds which 
bear the sexual elements remain attached as mere organs of 
the zoophyte, never attaining to an independent existence; and 
thus one is enabled to see that the power of the medusoid to 
reproduce the zoophyte ia but a modification of the more fre- 
quently exemplified power of a part to reproduce a whole, 
the modification being that the reproductive part is entirely 
severed before the sexea are developed. In the lai^r 
MediiBie, or jelly fish, a similar 
alternation kikes place, only the 
sexual form is the more largely 
developed; the ovum takes root 
and grows into a body which . 
brealat up into a series of discs, h ^^ 
each of which is developed into H i 
a medusa. ft § 

In the Aphides, or plantlice, a 
another cycle is exhibited. In 
the interior of the individuals 
derived from fertilized ova, (VH^-^ 
another generation is developed V / 
from unimpregnatedgerma; and \ / 
the insects so formed become XL 
parents of others in like manner; 3 
and only after several genera- , '^ 

tionsare perfectly sexual indi- ^. ,38._AiTEasiTi! Gbsb- 
viduals produced, with whom - ration ofAnrelia aurita. A, 
the cycle again begins. Cilifttad ovnm baooma ad- 

In bees tiiere occurs a descrip- 
tion of true partkenogen 
The queen, in her marriage 
flight at the time of swarming, 
receives the male element into a 
sac provided for the purpose, and ^^£terw^c4a\fi.^Kjtcl?>^*** 




herent. B, The same iX a 
later stage sending out pto- 
ceues. C, Strobibis, which 
breaks up into separate caps, 
each of which becomes an 
adnlt Anrelia. After Sara. 
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egga, adds or witfaholils a little ofthe contents of tli«sfto; wbtai 
this is withheld the egg produces a male; bat when it is 
Added a female is produced, which, according as it ia fed, 
becomes a worker or a queen. 

In vertebrata, sexual reproduction is tlie only kind which 
occurs. Yet in the development of the embryo there is a 
set ot phenomena quite homologous with alternate genera- 
tion; for the whole ovum is not converted into an embryo, 
ji _ but only a part of it, aiui, there- 

fore, the embryo may be In- 
timately conadered as a bud 
from the ovum; in which case 
the only difference between ver- 
L tebrato reproduction and that 
I of a medusa is, that in the 
medusa many buds are derived 
from an ovum, and in the ver- 
tobrata there is only one.* As 
an abnormal variation, the single 
vertebrate embryo may divide 
more or less completely; and 
- this is the origin of all double 
BBYOS. iChickjinmypoB- ^oiigtPOsities, Buch as two- 
w«.oi». B. Perch (\ on feier). beaded calves, four-legged hens, 
the " Siamese twins," and the negress sisters exhibited as the 
" two-headed nightingale." The proof of this is found in the 
fact that embryos in early stages of development have been 
seen thus partially divided, and in the law of double moa- 
strosities that they are always united by corresponding parts. 
201. Akin to the power of reproducing the whole individual 
is the power of reproducing lost parts; and the law may be laid 
down that the less advanced the development of the species 
or the individual the greater the power of such reproduction. 
So great is this power in some invertebrate animal a that they 
may be multiplied by artificial division, each moiety retaining 

* ViewiDg the vertebrate embryo as a bud from the ovum, a com- 
pariaoQ by no means vague may be drawn between its development 
and that of a tootb. In both instances there is an elevation whicli 
becomes surrounded by a fossa, afterwords converted into s shut eac, 
»ad&udly the shnt sac ia bunt. 
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tte power of completing a vLole form. Even ftTiiiinn.lB bo 
complex as lobsters have notablj tbe power of reproducing 
lost limbB. Ko such power exists in vertebrate aTiiniBlB after 
birtb, with the exce])tion that various reptiles and fishes 
renew iheir taUs when they have been accidentally lost; sub- 
stituting, however, calcified chorda dorsalis for the lost 
vertebrse. But bdbre birth lost parts may be reproduced, 
even in man, to a surprising ext«nt. Sometimes, from aoti- 
dental causes, a limb of an unborn child sufiers amputation 
by means of strangula- 
tion by a band of lymph; 
and in such cases it often 
occurs that fingers, o 
whole hand, sprout out - 
from the stump of e 
arm, although they fail "^ 
to reach the full develop- S 
ment. This is particu 
larly interesting, as indi- 
cating the latent presence 
throughout the body of 
the reproductive power 
which is exhibited nor- Fig,l40. — HiriuNOvtiHwitlmiOTuifiui 
mally and in perfection vesicle, a, Germinal vcBiole and spot; 

1 .1 tL j i- b, yitelluB or yelk: c, zona pellncida: 

by the mpiodncave j^ jj,^ piiig.™ ; ,, £mbrui 
ol^ans alone. So, also, granulosa ; /, vaacular wall of ovisac ; 
the occasional occurrence g, atroina of ovoiy ; h, earface of 
of ovarian tumours con- ovary. 

taining hair and teeth shows the presence of a power which 
is normally altogether latent till the addition to the ovum 
of an element containing similar qualities locked up within 
it causes it to culminate in full reproduction. 

S02. The Oman or egg, in birds and various oUier nni-mnliij 
is enlarged by the incorporation with it of a great amount of 
matter which does not undergo fertilization, useful only as 
material for the nourishment of the young animal. But tho 
mammalian ovum is a structure microscopically minute, which 
is only discovered by scientific observation. 

The human ovum is about y^ of an inch in. ^^omi.'^Kkc. 
It consists of a trajisparent envelop, fti.«> w/rwj. ■pdJwKxflfl.> 
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surrounding a granular yeOe; and, in the interior (y! tTi", 
to one aide, is a clear nScleus called, the germinal vegiele, 
with ft distinct nucleolua, the germinal spot. The ova are 
developed within organs called ovaries, which are placed one 
on each side in the lower part of the abdomen, and are flat- 
tened oval bodies, about an indt and a half long, invested 
with peritoneum. Each is attached by a fibrous cord to the 
upper pai-t of the uterus. 




Vtg. 141. — UTBittis AKD OvABtES from the front, a, Vsgiiui with 
OB uteri depending into it ; i, cavity erf cervix nteri, with 
rugose mucoua membrane ; c, cnvit; of f nsduB uteri, expooed in 
the right half ; d, round ligament of otema ; t, e, Fallopian ttitKn, 
the right OQ6 laid open ; /, /, ovaries ; g, round ligament of ovary ; 
h, parovarium. 
203. The uterus or womb is a muscular organ placed, in 
ordinary circumstances, within the pelvis. It is a pear-shaped 
body about three inches long, flattened from before back- 
wards, and connected with the abdominal wall in each groin 
by means of a round ligament. When clipped open it is seen 
to have exceedingly strong walls; its lower portion, the 
cervix, extending for about an inch upwards from the mouth 
or inferior openiug (o» externum), surrounds a separate cavity 
with rugose mucous membrane, divided by a constriction 
(os inlernum) irom the smoothly-lined main cavity, destined 
for the reception and development of the ovum. This main 
cavity, contained within the body or Jundus of the uteras, 
although destined to undergo enormous temporary enlarge- 
aent in pregnmxcy, la of aufdl siia Kt other times, with ita 
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anterior and posterior walls in contact, and its thi^ee borders, 
one above and one at each side, all bulging inwards. The 
upper angles are distinguished as the comua^ being parts 
wluch in many of the lower animals are greatly elongated, 
so as to render the uterus completely forked. Into each 
comu opens a long narrow duct, the Fallopicm tube, which 
extends outwards in front of the ovary, and terminates im- 
mediately beyond it in an expanded and fringed opening, the 
fimbriated extremity , which leads from the peritoneal cavity, 
and makes a communication 
between it and the outside of 
the body. In animak in which 
the comua are developed, they 
are the parts which lodge the 
young. Thus, in a sheep with 
one lamb, the lamb occupies 
one comu; if there be twin 
lambs, they lie one in each 
comu ; and in animals which Fig. 142. — Uterus of Sheep. 
have a Htter of young, the em- ^' «> T^® comua. 

bryos are ranged in series in separate membranes along the 
length of each comu. 

204. The ova/ries of persons who have died in the prime of 
life present, scattered through their tough fibrous structure, 
and more or less distinctly seen from the surface, a variable 
number of clear vesicles, one or two of which may be like 
very large beads immediately beneath the peritoneimi. These 
are called Graafia/n vesicles; each of them contains an ovum, 
and gradually enlargiug, and approaching the surface as it 
enlarges, eventually ruptures and discharges its ovum, 
covered with a coating of granules, the discus proligerus. 
The ovum is caught up by the fimbriated extremity of the 
Fallopian tube, which would appear to be applied to the 
rupturing vesicle for that purposa 

While only a limited number of these vesicles are visible 
with the naked eye, the microscope reveals others of minute 
size in vast multitudes, which have been estimated at more 
than 70,000 in one individual (Henle). The ova, more- 
over, make their appearance prior to the vesicles which subse- 
quently surround them, and already exiat m \3Mc^TiNSfiiw3c^ 
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before birth. The germinal vesicle makes its appearance 
first, then the rest of tiie ovum; the ovum Bubsequently 
becomes imbedded in coipuscular matter, and this becomes 
separated by imbibition of fluid into two strata, one of which 
adheres to the ovum, and is the discua proligerus alluded to, 
while the other adheres to the ovisac, and is named inembra/na 
granuloBa. In their early stages of development, the ova 
move &om the circumference towards the attachment of the 
ovary, the smallest ova being found close to the peritoneum. 
It ia only when the Graafian vesicles begin to fill with 
fluid that they push their way in the direction of least 
pressure, precisely us an abscess 
would, and thus approach the peri- 
. \ toneum again, at the same time that 
ii^y\ the ovum quits the centre of the 
icle, and adheres to the outer 
walL The originally centripetal 
ovement reminds us that although 
in all the higher vertebrata, and 
many flshes, the ova escape by peri- 
toneal rupture, yet in the majority 
of osseous fishes they grow in fes- 
toons, directed to the centre of a 
hollow organ, which opens by a duct, 
like a secretii^ gl^d. Also the 
homologous organ in the male is a 
secreting gland, in which the secre- 
tion traveb from the circumference 
towards the attachment; and a rudi- 
mentaiy appearance of secreting 
— Ovary and tubules, in which the ova are de- 
__^'"!"?.^ veloped, has been noticed in mam- 
malian ovaries by some observers. 
Thus the ovary may be regarded aa 
an imperfectly developed secreting gland. 

At periodic intervals of a month's duration, one or moi-a 
Graafian vesicles ripen, rupture, and discharge their contents. 
At the same time, the mucous membrane of the uterus shares 
ill the vascular excitement which the ovaries exhibit, and 
this jTiisses away with an extravasation of blood from thg but- 
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{mx. Each Oraafian vesicle has an exceedingly vascnlar vaU, 
embnunug the proper ovisac, and ^hen the vesicle bursts, its 
vessels, being no longer supported, give ynj, and £11 the 
cavity vdth a clot. 3^ clot and the sac around it undergo 
vaiioiis changes; the clot disappearing, while the sac becomes 
yellow, and increases in thickness and size, particularly when 
impregnation has taken place. The structure which is thus 
formed is called a, corpus hUeum, and subsequently dis- 
appears, leavijig nothing but a cicatrix. It does not seem to 
fulfil any function, but rather to be » growth resulting from 
the vascular excitement of the struotorea around. 

306. In the male, the germ-preparing glands, corresponding 
to the ovaries in the female, are the testes. They differ, how- 




Fig. 144. — DlAOEiAM OF SEMIHiraROTJS ToltDLB3 AKD DuCTS. 0,0, 

Tabuli Beminif eri ; b, b, vaaa reotn ; e, rate tettu ; d, vasa effer- 

entia, from twelve to fifteen in nnmber ; e, cooi vaaculosi ; /, /, 

epidid jmiB ; g, vaa aberrana ; h, vm deferens. 

ever, from the ovaries, in leaving, before birth, their original 

situation within the body, and descending to a position 

external to the abdominal cavity, aa 8lBom\«sii^iKM^"S'ff*^ 
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into exceedingly complex tubular glands, witli tlieir ducts in 
structural continuity with them. The technical names of 
the different parts of the ducts are mentioned in the explana- 
tion of the accompanying diagram. It is sufficient to note 
that the length of channel through which the secretion has 
to pass is without parallel in the rest of the body ; that the 
secreting tubules are upwards of two feet long, and that the 
duct called the epididymis is estimated as being twenty feet 
in length, and is ciliated. The advantage gained by this 
complexity is not known. The main ducts open into the 
urethra, a little in front of the bladder, where that passage 
is surroimded with a glandular structure'Called thQ prostate; 
and in the middle line, close to the two ducts, is a small 
pouch, just big enough to admit a probe, called the sinus 
pocularisy interesting as being the structure which, in the 
female, is developed into uterus and vagina. 

The male germs, or essential elements of the secretion 
of the testes, are called spermatozoa. They are bodies vary- 
ing from j^ to j^ of an inch in length, and consist of a 

pear-shaped body, with a tail extending 
out from the broad end. The tail moves 
with a rapid undulatory movement, which 
sends the spermatozoon forwards, body 
foremost. The spermatozoa are developed 
in the interior of cells, the protoplasm 
of which has been observed adhering to 
their heads in the young state, and they 
may very probably be regarded as ele- 
ments morphologically equivalent to 
Fig. 145. — Spebma- nuclei. Their development is not com- 
TozoA. pleted till they leave the secreting tubes. 

206. Observations on the lower animals leave no doubt 
that fertilization of the ovum takes place by the entrance 
of spermatozoa into the interior of the zona pellucida, after 
which, both spermatozoa and germinal vesicle are melted 
down in the yelk, which thereby acquires new properties, 
and divides first into two parts, then into four, and so on, 
each part dividing always into two, until the whole yelk is 
converted by this process of cleavage into a mass of nucleated 
corpuscles, devoid of cell walls, from, a certain number of 
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wLioh the future animal is developed. These being the facte, 
the student may see that impregnation may be regarded aa 
the fusion of two mutually attracted units of life into one; 
and that it ia possible to consider the ancestiy of every 
nucleated corpuscle of the body as an unbroken chain, 
through generations, from parents to childi-en. 




rig. 146.— Cliavaoi o> the Yelk. The dog. 
In its passage downwards through the Fallopian tube, the 
ovum undergoes some enlargement, and the zona pellucida 
receives a coating of albuminous substance, gradually increas- 
ing in thickness. On reaching the uterus, the envelope of 
the ovum, henceforward called the chorion, proceeds to throw 
out branching processes or villi, by which it becomes closely 
connnected with the uterine walls, 
and receives nouridmient from 
them; and in these villi blood- 
veasels subsequently appear, con- 
nected with the embryonic cir- 
culation. The mucous membrane 
of the uterus, rich in tubular 
glands, and ordinarily covered 
with ciliated columnar epithelium, 
begins, even before the ovum 
reaches it, to become thick and 
spongy; it forms a growth which, 
from being cast ofl' at the birth of 
the child, is termed decidua; and Kg- 147.— Diaoram 
where the ovum ia situated, this "'"'" " " '" 
rises up and invests it, forming 
what is distinguished as the de- 
cidua refiesea, while that which 
lines the rest of the uterine 




cavity is called decidua i 



CIDVA. a, Decidua vera; 
h, decidua reflcxa; c, de- 
cidua aeratina; d, ovular 
apace, with vlUi of chorion 
round about; e, mucus 
plugging the cervix. 

A secretion of fluid like- 
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wLso takes place, and, for a period, two separate spaces 
oxist within the uterus, namely, that of the general 
uterine cavity, and that which contains the ovum. It is 
some considerable time before this latter space grows suffi- 
ciently for the decidua vera and decidua reflexa to come into 
contact. Ultimately they are so closely blended that in the 
later months of gestation the decidua reflexa can no longer 
be recognised. 

While the ovular space is separated, as has been said, from 
the uterine space by the decidua reflexa, it remains from the 
first in contact with the uterine wall on one side; and the 
mucous membrane of the uterus at this part exhibits, like 
the rest, an exaggerated growth, sometimes termed decidua 
serotinay destined to be more highly developed than the 
decidua vera, and becomes the medium of connection between 
the maternal structures and the child, after the vessels in 
the villi of the chorion at other parts have disappeared. The 
vessels referred to in the villi of the chorion are brought to 
it on the surface of a vesicular outgrowth of the embryo, 
named the aUantois (p. 294) ; and, where in contact with the 
decidua serotina, the vessels of this allaQjK)is become greatly 
developed, as well as those of the uterine mucous membrane, 
and a sti'uctui*e is developed, called the placenta or after- 
birth, by means of which the formed embryo ovfcetus receives 
nourishment from the mother till uirth. 

207. The Embryo. — ^We have seen that after impregna- 
tion the contents of the ovum are converted, by the disap- 
j>carance of the spermatozoa and germinal vesicle, and the 
cleavage of the yelk, into a mass of nucleated corpuscles. 
This liappons in the lower part of the Fallopian tube, and 
t hei'eafber the interior of the yelk becomes transparent, and 
the nucleated corpuscles are aggregated beneath the zona 
poUucida in the form of a hollow sphere, which is termed the 
blastoderm or germinal membrane. Within a few days after 
the O'snini has reached the uterus, a clear area, with an opaque 
bortior, makes its appearance on one side of the germinal 
xnembituie, and in this area a white streak, which is the first 
appearance of the embryo. This streak consists of a furrow 
with elevated margins, the primitive groove; and beneath 
the groove a rod-like body soon. a\^\)eara, the chorda dorsalis 
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or noiocltord. At the circumference of the embiyo and 
beyond it, the germinal membrane Bplits up into two layers, 
and thia division proceeds completely round the yelk; but if 
a section be made through the embryo, three layers, mucli 
more closely connected, are seen; the innermoat of wbich is 
converted into the epithelial lining of the alimentaiy canal 
and its appendages, while the middle layer forms the prin- 
cipal part of the body, and the otUer layer, so far as it lies 
within the primitive groove, is devoted to the formation of 
the cerebro-spinctl axis, and, beyond the margin of the groove, 
is converted into the cuticle of the whole body. 





I'ig. 148.- 



— PEOnnvK Gboovx of Fig. 149.— SscnoN ob Mahba- 

magnified five dia- uak OvDH: diagram, a, Ontar 

meters, a. Area opaca; b, area layer at germinal membrane ; 

pellucida; c, primitive trace, b, imter layer; c, primitive 

with the groove in the middle. grocfve, and, beneath it, section 

After Bisdioff. of chorda donalia, with the rest 
of the middle layer on each 

208. At this point it may be well to pause for a moment, 
and direct the student's attention to some of the peculiarities 
of the e^s of birds, since it is in the hen's egg that by far the 
easiest opportunity is obtained for studying embryology &om 
nature. Tbe lien's egg becomes impregnated in the upper 
part of the oviduct, and the cleavage of tbe yolk is confined 
to a white spot at one side called the deatrieula. This 
takes place by first one cleft appearing, then four, then 
others between them, radiating from a centre, and portions 
between tiiese radiations being separated irr^darly, and 
afterwards Bubdividing; but the yolk bejon^ ^^ i»s»}jns9£^ 
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Inkes no part in ihe process. In sncoeeding parts of fhe 
oviduct, the albninen. and the shell are deposited. If a hen's 
^g be placed on its side, and the shell be broken on the side 
which happens to be uppermost, the cicatricula is always 
found on the correaponduig part of the yelb. The reason of 
this is, that the albomen firet dc^toeited round the viteUiue 
membrane is prolonged in two twisted stiingB, ehaiazce, 





Fig. ISO.— ClxavjLOz or CnunticinA of Hes's Baa. After Coste. 

towards the extremities of the egg, to be there retained, to a 

certain extent, in position. By these chalazie the yolk is 
suspended, and being 
lighter on the side on 
which the dcatricula is 
placed, it turns that 
part always upwards 
away from the damp 
ground, and towards the 
warmth of the hen's 
body. In consequence 
of this arrangement, 
there is nothing easier 

Fig. 151.— Hen's Eao, showing chalazie, than to obtain a view 

tion, with area vastnilou BToand it. , . ' ™ , 

embiyonio growth m 
the chick, from the appearance of the primitive groove 
onwards. If it be songht to hatch the eg^ artifici^y, care 
inust he taken not to allow their temperature to vary more 
than a few degrees above or below 102''F. 
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and is converted from an open groove to a closed cylinder 
by its margins growing up and meeting together above it. In 
a similar way its conteata Likewise become cylindrical; the 
tube thus formed being converted in ite lower part into tho 
spinal cord; while in the cerebral part, which at thia early 
stage is little less than half the r. 

length of tlie whole embryo, it is ./' ■' 

swollen into three successive vesi- 
cles. The first or foremost' of 
these cerebral vesicles is that from 
which the third ventrical of the 
brain, with the hemisphere-vesi- 
cles coming off from it, is deve- 
loped; the second is that from 
which the aqueduct of Sylvius, 
with the corpora quadrigemina and 
other parts surrounding it, is 
formed; and the third is the part 
from which the cerebellum, pons 
Varolii, and medulla oblongata 
take origin. 

The chorda doraalii or Tioto- 
chord rums down the centre of 
the middle layer of the embryo. 
It is a purely cellular stracture, „. 
and continues so as long as it ^^ 
exists, but in most animals it is 
not permanent. In. sturgeons, 
lampreys, and some other fishes, it 
continues through life, being de- 
veloped into a thick column of 
large, distinctly-walled cells, with 
a thick fibrous sheath roimd about, 
which serves instead of a chain of 
bodies of vertebrse. In other ver- 
tebrate ajiimals, the bodies of the 
vertebne make their first appear- 
ance roiind the sheath of the oho 

that structure so as to leave a bead-like dilatation in the 
position of each intervertebral disc; ultima.tel^,Vic-«wee^->ia. 




.„. _ -Embbto Chick, 
about two days old; imdei 
surface, a, A, c, First, second, 
and tMrd cerebral vesicles; 

d, primary optic vesicle; 

e, rudiment of lieart; /, 
fold at whicli the ceplialio 
plata is ccutiuuous with 
the cephalic hood, and the 
yelk aac continaouH with 
the cal-de-Boc from which 
the phuryox ia formed ; a, 
primordiaJ vertebrce ; A, 
unclosed part of the primi- 
tive groove. 

the chorda dorsalis, and constrict 



288 AHIIIAIt FHYSIOLOOT. 

tiie higher vertebrata the whole chorda dorsalia completely 
disappeaiB, even the intervertebral discs being developments 
rather of its sheath than of ita proper aubatance. The chorda 
dorsalis has been traced In young mBTninnlH into the region 
of the sphenoid bone, ^rhere it ends in a point imbedded 
in the cartilage of the base of the akulL 

310. On each side of the chorda dorsalis, in the early 
embryo, the middle layer, except in the head, is divided into 
a part near the middle line called the dorsal plate, and a part 
beyond termed the veTUral plate. 




Pig. 163.— TBAnevXHSB Sscnow o» Chick of two diya inoubalion. 



/, iniiBr layer of embryo, forming intestmal epitheliiiin ; a, ven- 
tcal plate poahing towards the middle line ; h, i, oater and inner 
division of the same ; i, outer layer of blastoderm, from which 
the amnion luid inner part of the chorion are formed; i, inner 
layer of blastoderm which Burrounda the yelk. 
The dorsal plates soon exhibit a distinct segmentation, 
a sei-ies of blocks of dense tissue, the primordial vertelme, 
making their appearance on. each side of the primordial 
groove, beginning behind the head, and increafling in num- 
bers backwards. Each of these so-called primordial vertflbne 
contains superficially the rudiment of a segment of tho 
muscular 'waU of the body, and, beneath that, the commence- 
ment of a spinal nerve, which afterwards pushes inwards to 
join the spinal cord; also between the successive pairs of 
spinal nerves appear the rudiments of the skeleton, namely, 
the vertebial and costal arches. The vertebral and costal 
parts of each segment are indivisible at first, but afterwards, 
as the common cartilaginous mass grows outwards, it becomes 
divided, in the thoracic region, into vertebra, rib, costal car- 
tilage, and part of the sternum, and folds round to meet itj 
fellow of the opposite aide. 
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The ventral plates early split into a deep and superficial 
part, like the part of the germinal membrane beyond the 
embryo; but at their inner part, instead of so splitting, they 
become thicker and push inwards, so that the plates of oppo- 
site sides meet together below the chorda dorsalis, and form 
a mesial plate, in which appear the great blood-vessels 
and other organs. Among these organs may be mentioned 
the Wolffian bodies or primordial kidneys (fig. 88), which 
originally occupy the whole length of the abdominal cavity 
at the sides of the vertebral column, and are closely con- 
nected with the development of the reproductive organs; 
but disappear at a very early period of foetal life, and are 
replaced by the permanent kidneys, which take origin between 
and behind them. The space between the superficial and 
deep divisions of the ventral plates is the great serous cavity 
of the trunk, subsequently subdivided into the pericardial, 
pleural, and peritoneal spaces. The superficial, division is 
the source of the cutis and other connective tissues of the 
visceral wall; while the deep division adheres to the inner 
layer of the embryo, and completes with it the development 
of the alimentary tube (Remak). 

The limbs make their appearance from the ventral plates 
as little buds, which very early display a division into fingers, 
the thumb or great toe of each lying nearest the head; and 
subsequently the elongation of the arm and leg takes place. 

211. In the head, the middle layer of the embryo on each 
side and in front of the chorda dorsalis is called the cephalic 
plate. We have seen already how it encloses the brain, in 
the same fashion as the dorsal plates, continuous with it, 
rise up round the spinal cord. Very soon the brain and 
parts round it are sharply curved down towards the deep 
part of the ovum, the margins of the cephalic plate become 
folded in, and a deep fossa is formed roimd it, so that the 
head and neck become separated off from the ovum, while a 
hood of the outer layer of the germinal membrane rises up 
over them. In like manner the deep layer of the embryo 
within the head becomes converted into a cid-de-sac, sur- 
rounded with the continuation forwards of the mesial plate. 

The margins of the middle layer in the head and neck are 
thrown into five pairs of processes called firoforfviait'ptocieaafc^^ 
U ^ 



290 



ANllUL PHSSIOLOOT. 



Separated by clefts ; and tlie foremost of tliese, tmitiog with its 
feUow is the middle line, forms the lower jaw, while the 
upper part of the clefb behind it remains as the opening of the 
ear, and the other clefts enjorely disappear in the higher verte- 
brates, although they are undoubtedly the same clefte aa those 
which in fishes separate the gills throughout life. In front 
of the first branchial process, the eye is dereloped in a cleft 
of the cephalic plate, and separated by a little process (lateral 
fronttU) from the nostril. Between the nostrils, the mesial 
termination of the cephalic plate is prolonged down to 
form the middle portion of the upper lip, and is called the 
middle frontal proceis. The cheeks are derived from the 
maxillary lobe, a projection sent 
forwards from the region at 
the base of the first branchial arcli. 
The mouth makes its first appear- 
ance as a depression of the outer 
layer of the embryo, which, at a 
very early period, touches the cut- 
■ de-sac of the alimentary tube; and a 
perforation then takes place. The 
roof of the mouth, after this, is 
formed at first by the base of the 
skull, as it continues to be in fishes 
throughout lifa The palate is a 
later formation, and is developed 
m^fied ai'x di^t^ from the maxillary lobes, which each 
a, Noatril, and, beneath send a lamina inwards to meet its 
it, the iniddlo frontal fellow of the opposite side in the 




Fig. 1G4. — Embryo Lamb, ] 



process 1 b, e 
neath it, the 
tal prooeaa; c, first bran- 
chial process, and, be- 
tween it and the eye, 
the maxillary lobe; d, 
ear ; e, ventricular part 
of the heart; /, nght 
aancle;^, fore limb; A, middle frontal process; and when 
Wolffian body; i, place this faUs to unite with one or both 

been torn ooroBB j i, ^ double hare lip. 

iiui4 }imb, 21% The process of separation of 



Sometimes the union 
fails to be completed, and the result 
is a permanently cleft palate. The 
groove over the upjter lip, and the 
part of the jaw supporting the upper 
teeth, are derived from the 



THE BHSB70. 291 

the embryo from the rest of the ovum, bo as to complete 

its visceral walla, is effected by the folding-in of the 
layers at the sides, by the prolongation backwards of the 
folding-in which has been spoken of ea occurring in the 
head, and by a similar foldmg-forwarda at the pelvic end 
of the body, until at last the neck of communication 
of tlie embryo with the rest of the ovum is narrowed to 
the navel, where the vessels of the allantoia pass in and out. 




Fig. 155. — Devblopmtoit op thb Palate in the Embkyo Lamb, 
in two stages more adranced than that exhibited ia the previoni 
figure. From drawings by Professor Dickaoo. 
By this means both the cylinder of the visceral walls and 
that of the alimentary tube are completed. For a time the 
remains of the yelk sac continue connected with the alimen' 
tary tube, which projects in a loop at the navel from the 
completed wall of the abdomen, and they go by the name of 
the umbiiUal vesicle, while the pedicle of connection is called 
the vitelline duct; it is not, however, a hollow pedicle; and 
even in those classes of animals which have latge yelk sacs, 
the contents do not pass into the alimentary canal, but are 
absorbed by the blood-vessels round it, for the nourishment 
of the young animal The place where the vitelline duct ia 
attached to the intestine, is near the lower end of the ileum. 
Aa the walls of the embryo become folded in, the outer 
layer of the germinal membrane, which is gndKA^ cs£^Na&. 
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ing, and removed from the inner layer or yelk sac by an 
increasing amount of fluid, rises up round the whole embryo, 
as it has previously risen round the head; and thus the 
embryo is dipped into a deepening hollow, and at last the 
entrance into the hollow becomes narrowed and obliterated 
above the dorsum of the embryo, and the embryo is com- 
pletely enveloped in a sac, which is filled with fluid, and ia 
called the amnion. The part of the outer layer of the ger- 
minal membrane beyond the amnion becomes incorporated 
with the chorion. The amnion continues, till birth, as a 
perfectly transparent membrane filled with clear liquor 
unnii, in which the fcetus lies. 




Fig. ISO, — FtETAii CoNHKcnoHS: di&gram. a, Sac of the amnion; 

b, yeli sac ; r, allantoia becoming developed into tho ftetal part 

of the placenta. 
813. We have still to consider the development of tbe 
vascular system. The first traces of embryonic blood-vessels 
seem to make their appearance external to the embryo, in the 
opaque border of the clear area which surrounds it. Here 
there ia a circular vena terminalis, and a development of blood- 
corpuscles. A network of vessels springs up over tbe clear 
area, and the blood is brought to the embryonic heart by two 
trunks, which enter the embryo transversely, one on each 
aide, ttie omphalo-mesenteric veins. The circular vena ter- 
m i nail s advances on the inner layer of tbe germinal mem- 
brane, until the network of vessels of which it forms the 
limit, the omphalo-mesenteru; system, surrounds tbe whole 
yelk sac. This is the earliest system of blood-vessels for the 
nourishment of tbe embryo; and in the ^gs of oviparous 
animals, which are comparatively large, it is of great import- 
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ance in abeorbing the yelk as nourishment. But in mammals, 
we have seen that the OTum is minute, and growa by nour- 
ishment drawn from the mother; and it seems probable that 
in them the omphalo-mesenteric vessels absorb from other 
sources beaidea the contents of the yelk sac. 

S14. The heart ia at first a straight tube ■which runs for- 
wards towards the head, from the point where the omphalo- 
mesenteric veins unite. But it soon elongates so much that 
it is thrown into a loop, the prominence of which becomes 
converted into the ventricular portion of the oi^;aii, while 
the lower part forms the auricular portion, and the upper a 
common arterial trunk, the truneus arterioavs. Subsequently, 
the truncus arteriosus is divided longitudinally into aorta 
and pulmonary artery, and the auricles and ventricles are 




Fig. 157- — PtAH or thx Bkanchiai. Arches in MisraALS. The 
portioiis in outline are obliterated, a, a, o. Aorta; 6, pulmon- 
ary artery ; e, d, right and left pulmonary arterieB ; e, tnmoua 
arterioEua, obliterated after birth; /, iimomiiiate artery; g, g, g, 
Bubijavian arteries going to the npper limbs ; h, k, vertebrij 
arteries ; i, common carotid ; k, t, internal carotid ■, to, 'Silirsiv.-ii. 
carotid artery. Ratbko. 
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each in like manner divided into right and lefb cavities. But 
the trunciis arteriosus originally passes up and splits into 
two divisions, from which come off five pairs of branchial 
archeSy not, however, all existing at one time, but the fore- 
most of them disappearing as the hinder arches come into 
view. These arches, which seem to correspond with the 
branchial processes, pass partially round the oesophagus, and 
open into two vesseLs which descend side bj side in front of 
the vertebral column, the primordial aortce. The two aortsB 
afterwards become fused into one, which continues at first to 
arise hj a right and left root, and permanently does so in 
the lower classes of vertebrates; but in birds the right root 
alone remains, and in mammals only the left root, while the 
other is obliterated. The fourth branchial arch of the left 
side remains in mammals as the arch of the aorta, and the 
fifth is that from which the pulmonary artery is developed. 

215. At the period of the closure of the amnion, while the 
yelk sac is still widely connected with the intestine, the aUan- 
tots, ah-eady mentioned, makes its appearance in front of the 
embryo, at the lower end of the body (fig. 156). It rapidly 
expands into a large vesicle covered with blood-vessels, and 
soon becomes constricted in the middle. The vesicular part 
at the base remains permanently as the urinary bladder; the 
constriction is termed the urachus, and emerges at the open- 
ing which is gradually narrowed to form the navel; and the 
vesicle beyond continues to expand till it reaches the chorion, 
then becomes flattened on the inner surface of that mem- 
brane, and furnishes blood-vessels which penetrate into all 
its villi In mammals, a great development of blood-vessels 
takes place at one or more parts, varying in different 
families; and at these parts the vessels of the uterine mucous 
membrane likewise expand to form, in conjunction with the 
allantoic structure, the placenta, which consists essentially 
of aggregated tufts of blood-vessels belonging to the foetus, 
projecting into sinuses filled with maternal blood, whence 
they suck up supplies both of nourishment and oxygen. 
In the human subject, the placenta is circular and limited to 
an area which, at the full term, is only about 7 or 8 inches 
in diameter. In birds and reptiles the allantois spreads out 
&3 ill mammals, but retaina ita xaftiaabranous and hollo\7 
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construction, and has principally, if not entirely, a respiratory 
function. In amphibia the allantois is a mere urinary 
bladder, and the period of allantoic circTilation is not repre- 
sented. 

As development in the mammax proceeds, the placenta is 
separated by a greater distance from the embryo; the original 
hollow of the urachus and placental part of the allantois 
disappears, and the placenta is united to the navel by an 
umbilical cord, consisting of vascular trunks, gelatinous con- 
nective tissue, and an investment of thickened amnion. The 
arteries which convey the blood to the placenta are two in 
number, arising within the pelvis, and pass up one on each 
side of the luinary bladder. "While within the abdomen, 
they are termed hypogastric, and in the cord they are called 
umbilical arteries. The veins which return the blood from 
the placenta to the foetus are also at first two in number, 
but the right one speedily disappears, so that in the cord 
there are only three vessels, namely, two umbilical arteries 
and one umbilical vein. These are twisted spirally, the 
arteries having the appearance of winding round the vein. 
The umbilical vein, entering at the navel, passes up to the 
under surface of the liver, where it lies in the longitudinal 
fissure between the right and left lobes of that organ, com- 
municates freely with the portal vein, and is prolonged back- 
wards, under the name of ductiLS venosu^, to join the ioferior 
vena cava. 

216. When it is considered that throughout foetal life the 
lungs are of no service, and that respiration is carried on by 
means of the placenta, it will be at once perceived that the 
course of the circulation must be very difierent then from 
what it is afterwards, and that a sudden change must take 
place at birth. This is really the case; and in connection with 
the course of the circulation there are some foetal peculiarities 
of the heart and pulmonary artery. In the foetal heart the 
annulus ovalis of the right auricle is an open forami&n ovale; 
and the pulmonary artery, after giving off the right and left 
pulmonary arteries, which are but small branches, is con- 
tinued straight on to open into the arch of the aorta, where 
that artery is about t > be continued, as the descending aorta, 
down through the thorax. This coiitmxj^ai^YQrcL q1 *Ofikfe ^^^^^ 




Kiu, 1 (IS, - -FiKTAi. CmcnLATios'. The conree of Mie blood it indicated 
liy itrniwa, nml its na»lity by BhadioK- <^ Umbilicsl vein bring- 
liitf luu'k nliriLtii'd 1>Iood from tlie placenta; b, dactoB venoaaa; 
i>, ilui'tiiH iirkiriiiitiia ; d, hypogiutric arteries; e, meseDteria 
VMUfi'j /, lH>i'Wl vwlu, mi above it the hepatie vein. 
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directly, and partly into the liver, which is, throughout 
foetal life, exceedingly large. There are, therefore, four kinds 
of blood mixed in the vena cava inferior above the level 
of the liver, namely, vitiated blood from the lower limbs, 
oxygenated blood from the placenta, blood which has passed 
through both placenta and fiver, and venous blood from the 
portal system, acted on by the liver, but not oxygenated. This 
mixture of blood, entering the heart behind the Eustachian 
valve, is directed on through the back of the right auricle 
and the foramen ovale, into the left auricle, and so into the 
left ventricle and arch of the aorta, to supply the head, neck, 
and upper limbs; but it is prevented by a fold in the aorta 
from passing down into the descending part. Returning 
from the head and upper limbs by the superior vena cava, 
the blood enters the anterior part of the right auricle, and 
mixing but little with the stream crossing through the back 
part of that cavity, passes into the right ventricle, and is 
propelled through the pulmonary artery, ductus arteriosus, 
and descending aorta, partly to supply the lower parts of the 
body, but in larger part to proceed again to the placenta by 
the hypogastric arteries. Thus, curiously enough, there is 
no part of the foetus nourished with blood the whole of which 
has been purified. The whole of the blood returned from the 
lower limbs is mixed with the current to the head and arms; 
and the trunk and lower limbs are entirely supplied with 
blood which has previously circulated in the head and arms 
and been filled with further impurities. 

Immediately on birth, the circulation through the placenta 
ceases, the impulse to breathe begins, and with the first 
inspiration, not only air but blood is drawn into the expand- 
ing lungs; the right and left pulmonary arteries are filled, 
and blood ceases to pass through the ductus arteriosus; the 
current in the arch of the aorta is continued on into the 
lower parts of the body; and a fold of membrane, the valve 
of the foramen ovale, which springs from the back of that 
opening, and projected into the left auricle, now occludes the 
opening, and in a short time becomes firmly bound down 
to the walls. 

217. The period of gestation in the human species is about 
two hundi*ed and seventy days, but is undoMb^dVj \\s>k}i&\i^ ^ 
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cei-tuln amount of yamtion. Toward tiie 

givut relaxation of i)art8 takes place, erea tlie 

which bind tho bones of the pelvis being caosdenMy dbck- 

duihI; the cervix uteri begins to dilate, and the muscular 

wiiUs of the uterus are seized with reeurteuk 
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euutraetions. Usually the uterine contractaoDs bunt the 
nieuibmues which retain the liquor amnii. and afterwards 
the chiUl is ex])elled, its head first, and is shortlj followed 
by tlie placenta and ruptured membranes. In healthj pai^ 
tiu'itiun, the contraction of the uterus is sufficient to pre- 
vent mucli bleeding ensuing from the tearing across ci the 
Idood-vessels which united the placenta with its substance. 
Forthwith, the uterus begins to undergo a rapid process of 
involution. Its muscular walls, which had undergone great 
enlargement, both by increased size of the individual fibres, 
and continual gi-owth of others from connective-tissue cor- 
puscles, become daily diminished by degeneration and dis- 
appearance ot the exaggerated fibres; and the oigan returns 
to its original proportions. 

818. Within a day or two after the birth of the child, the 
biHjaats of the mother, which have previously been enlarging, 
come into functional activity, and there is a copious secretion 
of milk. 

The bi'eaata, or mamma, have their proper secreting struc- 
tui'e, at other times, so closely connected with the areolar 
tissue in which it is imbedded that it is difficult to trace; 
but diu'ing lactation, it is much more distinct. From about 
fifteen to twenty sepamte ducts open at the extremity oi 
the nipple; each of these is dilated into a small reservoii 
botweon one and two inches fix)m its exti*emity, and, traced 
further back, is found to bi*anch repeatedly, till the radicles 
ai^ reached, connected with the ultimate lobides, which con? 
sist of aggi^gations of rounded secreting saccules. * 

Milk, examined mici'oscopioally, is a clear fluid, with oil 
globules of many difierent sizes floating in it. In the process 
of ohuining, the oil globides of milk are thrown together in 
a solid mass, and constitute butter; while in milk which is 
allowed to remain at rest, so that the larger globules rise to 
the top without running together, the stratum in which these 
Accumulate is tho cream. The solid constituents of milk are 
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casein, bTittel*, sugar of milk, and a small quantity of salts. 
As compared with the milk of the cow, that of the human 
species has a smaller proportion of solid matter, and tho 
solid matter contains a third less of casein, twice as much 
sugar, and not half the quantity of salts; and on that account, 
in feeding infants with cows' milk, it is customary to mix it 
with sugar and water. 

The first milk which is secreted after parturition exercises 
a purgative influence on the infant, and is termed colostrum; 
it is characterised by the presence of corpuscles consisting of 
heaps of granules gathered together into balls. After pro- 
longed lactation the milk secreted becomes poor in quality, 
and the continuance of suckling becomes hurtful, both to the 
mother and to the child; suckling for an inordinate length 
of time is, therefore, to be avoided. The best food, however, 
for the new bom infant is the mother's milk; and no more 
disgraceful custom can well be imagined than a healthy 
mother neglecting the duty of suckling, unless it be that of 
medical practitioners encouraging such an impropriety. 

219. Growth after Birth, — ^The proportions of the body of 
the new bom infant are very difierent from those of the 
adult. The umbilicus is about the middle, the lower limbs 
and the chest are small, and the head, as compared with 
the rest of the body, is much larger than afterwards. In 
representing the adidt figure, the rule recognised in art is to 
allow eight tim3S the perpendicular length of the head for 
the height of the whole body, thus : from the crown to the 
chin, from the chin to the level of the nipples, from that 
level to the navel, and from the navel to the pubis, each one 
head; and from the pubis to the lower part of the knee, and 
thence to the sole, each two heads. The position of the 
umbilicus is, as will be perceived from this, considerably 
higher in the adult than the child. ' 

The pelvis in the child is remarkably small, and is so 
situated at birth that the sacrum lies pretty nearly in a 
continuation of the line of the vertebral column; but when 
the child begins to walk, the stretching out of the thighs is 
efiected much more by bending the sacrum back than by 
movement at the hip joints, and the brim of the true pelvis 
is thrown into a nearly vei-tical plane, yrhftx^a«»TDL^<^ "^^^S^ 
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it is at an angle of about 30° with the vertical plane. This 
circumstance, in conjunction with the shortness of the chest, 
is the cause of the prominent appearance of the abdomen in 
children. 

The growth of the head deserves especial attention. The 
maximum proportion of the cranium to the rest of the body 
is found in the early state of the embiyo, and it continues to 
diminish till maturity is reached. At birth, the parietal 
region is particularly prominent, while both frontal and 
occipital regions are comparatively small. During child- 
hood, the forehead becomes sufficiently developed to produce 
that projection forwards at the level of the frontal eminences, 
which gives a characteristic appearance to the child's head ; 
but these eminences continue to ascend to a higher level 
above the eyes, and to separate one from the other for a 
number of yL4; and the projection forwards of the lower 
part of the forehead, including the frontal sinus, is not 
completed till after puberty. A comparatively small de- 
velopment both of the frontal and the occipital region is 
characteristic of the female sex. 

The face is exceedingly small in children.' It undergoes 
development in connection with both first and second denti- 
tion; but it does not reach its full proportions tiU after 
pubei-ty, and remains permanently smaller in females than 
in males. 

The eyeballs and the internal and middle ear are nearly as 
large at biiiih as in the adult. 

Probably the period of maximum vital energy is best 
indicated by the vital capacity of the chest, which is greatest 
about the age of thirty. As age advances, the diminished 
rapidity of the pulse, and greater difficulty in repair of 
injuries, indicate the decline of nutritive activity, and at 
last, as years accumulate, this becomes insufficient to sup- 
port the processes necessary for life. 

220. Death. — ^The precise causes of diminished vitality in 
old age are not known; but it is worthy of note that the 
corpuscular elements of the tissues have each, apparently, a 
life of only limited duration, and that they diminish in number 
as the individual becomes older, being excessively abundant 
hdfoi^e birth, and most sparingly distributed in old age. Thus 
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the limit to the duration of vitality, which necessitates a system 
of reproduction for the continuance of the species, is not con- 
fined to the organism as a whole, but is found in the vital 
elements of which it is composed. 

During health, we have seen that though tho microscopic 
constituents of the body are contiQually changing, and the 
vital elements dying and replaced by others, yet so perfect 
are the arrangements for the removal of debris, that no 
accumulation of effete matter takes place. The baneful 
effects of even minute quantities of putridity in contact with 
Jiving textures are now well known to surgeons, and the 
knowledge furnishes the basis for the proper treatment of 
sores. But sometimes it happens that in consequence of 
irritation, either from without or within the body, the 
nutritive actions in the textural elements are deranged, the 
living particles attract different constituents from the blood 
than they are wont to do, act differently on them, and 
undergo rapid proliferation and disintegration. Examples 
of such a process are found in ulceration and suppuration, 
in which, although the pus thrown out consists of living 
corpuscles, and is the result of vital action, yet there is 
increased mortality of textural elements and disruption of 
texture. Sometimes it happens that a whole mass of texture 
is deprived of vitality by over-irritation, chemical alteration, 
withdrawal of the supplies of nourishment, or other inter- 
ference with its nutrition- Such a mass undergoes decom- 
position all Jthe more rapidly that it is in contact with the 
warm body; it is called a slough or spliacelus, and when the 
texture which has died is bone, the death is termed necrosis 
and the dead part a sequestrum. 

221. As it is with portions of the body, so also with the 
whole being; death, considered physiologically, is the perma- 
nent cessation of nutrition. The cessation of consciousness 
is not death; life may continue when consciousness is gone; 
and the relation of consciousness to the body is that it is 
dependent on the nutrition of the bi*ain. 

Death is sometimes spoken of as beginning either at the 
heart, the lungs, or the brain, which constitute the tripod of 
life; but the cessation of circulation, leading to the with- 
drawal of fit nutriment from all the tex.tvr!c^^^ \Xi^ T^Kc^'s^^ia* 
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system included, and their saturation with debris, may claim 
to be the immediate cause of death in all instances. 

If it be suggested that it would be better to define death 
as the separation of the spirit from the body, the answer is 
simply that the presence or absence of the spirit does not 
immediately affect, as far as can be seen, the vitality of the 
organism; and that physiology has no means to ascertain 
the moment of the spirit's withdrawal. Bare, fortunately 
exceedingly rare, cases have occurred of persons appai'ently 
dead returning to life after days of pulseless trance. In 
these instances, the body remained, throughout the trance, fit 
to resume its functions. This it cannot do where there is 
decomposition. Thus, in the case of muscidar fibre, we have 
seen that even a very slight chemical change is incompatible 
with vitality, as tested by electric instruments. Decom- 
position is the infallible evidence of death. 



GLOSSAEY. 



Abomasniii, ah {rom, and omasum; 
leading from the omasum, the 
fourth stomach of a ruminant. 

Absorption, ah from, and aorheo I 
suck ; the taking up of anything 
into the system, whether from 
\v-ithout or from the tissues. 

Acetabulum, a cup for holding 
vinegar, the cavity in the inuo- 
minate bone for the hip joint. 

Acromion, Sucpov a summit, and 
(ofioi a shoulder ; the process of 
the scapula which lorms the 
summit of the shoulder. 

Adipose, adep8 fat; fatty: thus, 
adipose tissue, the tissue in 
which oil is stored. 

Agminated, agmen an army or 
company ; agminated glands, 
named from being disposed in 
groups. 

Albino, aJhua white; an Italian 
word for a person destitute of 
pigment in tne hair and eyes. 

A11}aminoid, albumen white of egg, 
and elSoi form ; belonging to the 
same chemical group as albu- 
men. 

Alimentation, atimentum nourish- 
ment \ the taking of nourish- 
ment into the system. 

AllantoiB, dWfic a sausage ; a hol- 
low outgrowth from the embryo, 
from which are developed the 
urinary bladder and tne pla- 
centa. 

Amnion, Stfivtov from AfivSt a 
lamb : the inner membrane 
round the foetus. 

AmcBbold, AfitiBm I change, and 
§Tdo9 form; like an amoeba, a 



genus of exceedingly simple 
animals of changeable form. 

Ampulla, anything blown out 
into a swelling. 

Amyloid, a^lv\ov starch, and elSov 
form ; like starch. Amyloid 
substance of the liver is closely 
akin to starch ; but the sub- 
stance peculiar to amyloid or 
waxy degeneration of the liver, 
kidneys, muscles, &c., is nitro- 
genous, and has no chemical 
affinity to starch. 

Amylolsrtic, &fiv\ov starch, and 
\vu> I loose ; having the power 
of converting starch into dextrin 
and sugar. 

Anatomy, dvd up, and rifivut I 
cut ; etymologically means dis- 
section ; the science founded on 
dissection, and treating of struc- 
ture in organisms. 

AnnulUB ovalis, oval ring ; a struc- 
ture in the right auricle of the 
heart. 

Anorthosoope, dvop66w I set 
straight ag^in, and aKoirita I 
behold ; an instrument so con- 
structed that distorted images 
drawn on cards prepared for 
the purpose, on being placed in 
it and whirled rapidlv round, 
are seen restored to their just 
proportions. 

Antibelix, &vtI opposite, and helix 
the bifurcated elevation within 
the cnrde of the outer ear* 

AnUtragns, Ami opposite, and 
tragus the hinder of the two 
little elevations opposite the 
opening qI ^Ia «dx« 
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ABtmm, a care. 

Aortm« ieipm I raise up; in the 
passive, to arise ; the artery of 
origin. 

Aphaila, i. nrirative, and ^o-iv 
speech ; Joss of the mental 
faculty of speech, as distin- 
goished from paralysis of the 
oi^gans of speech. 

Aponeiirotls, Jnro from, and wtvpov 
a sinew ; white fibrous tissue of 
tendinous consistence spread 
out in a sheet. 

AmbhBOid, ipaxtni a spider's web, 
and cioo« form ; the serous mem- 
brane which surrounds the brain 
and spinal cord. 

Areolar, areola a little space; 
areolar tissue, a form of white 
fibrous tissue named feom the 
spaces between the felted fibres. 

Artery, artaria an air vessel, as 
arfma «ur/>^ the wind-pipe ; a 
vessel carrying blood away from 
the heart, supposed by the 
ancients to contain animal 
spirits. 

Arteriole, a little arterjr. 

Arthrodia, &p6po» a joint ; an 
articulation permittrng little 
movemeDt. 

Arytenoid, Apurcuva a ewer or 
ladle, and cldos form ; the name 
given to two cartilages of the 
larynx, on account of the spout 
formed between them. 

Asphyxia, d privative, and «r<l>v^ta 
I throb ; cessation of pulse 
caused by cessation of breath- 
ing, choking, suffocation. 

Assimilation, similis like: the 
power by which living oodies' 
convert matters from without 
into their own substance. 

Astra^ralus, AaTpdyaKoi the bone 
b^ which the toot articulates 
with the 1^. That of the sheep 
was used by the ancients as a 
kind of dica 

Atlas, the god who bore up the 
pillars of neaven ; the first cer- 
vical vertebra. 

Auricle, auricula the outer ear. 
The auricles of the heart are 
named from a fancied resemb- 



lance of the auricular appen- 
dages to dogs' ears. 

Antomatic, avrofiarroi self -moving; 
applied to movement in which 
the body acts like a machine, 
without apxMirent intervention 
of consciousness. 

Axis, a pivot ; the second cervical 
v^tebi 



BaeiUary, haciUum a little staff; 
badllary layer of the retina, 
consisting of rods and cones. 

Bicnspid, bis twice, and cuspis a 
pointed extremity; two pointed, 
as the bicusxnd teeth, and the 
bicuspid valve guarding the left 
auriculo-ventricular opening of 
the heart. 

Biology, fiioi life, and Xoyoc dis- 
course; the science treating of 
living bodies. 

Blastoderm, /SXacrroc a shoot or 
germ, and iepfia a skin ; the 
germinal membrane in which 
the embryo appears. 

Br anchial, hranchios gills ; belong- 
ing to gUls.^ 

Brondiiu, fipoyxo^ the wind-pipe ; 
technically a name given only 
to each of the two tubes into 
which the trachea divides. 

BroncMa, or bronchial tubes, the 
smaller tubes into which the 
bronchi divide. 

Buccal, bu4^ca the hollow interior 
of the cheeks ; belonging to the 
cavity of the mouth. 

Bursa, a pouch ; a membranous 
sack interpos^ between parts 
which are subject to movement 
one on the other, to allow them 
to glide smoothly. 

Cadaveric, cadaver a dead body ; 
cadaveric rigidity is the stiff- 
ness after death. 

Csscom, c<Ect£« blind ; the blind in- 
testine, intestinum ccecum or 
caput ccecum coli. 

Calcaneom, calx the he^l; the 
heel bone. 

Camera, a chamber. 

Canthus, the corner of the eye. 

Capillary, capUlua hair ; capillary 
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vessels, those of tbe minutest 
order; capillary blood-vessels, 
those between the arteries and 
veins ; capillarv lymphatics, 
those -whicn make the network 
of origin in the tissues. 

Caput csdcum coll, the blind head 
of the colon. 

Carbonaceous, possessing carbon ; 
ap])lied to organic substances 
which contain no nitrogen. 

Carotid, K&pa the head, and ou9 
the ear; the name of arterial 
trunks ascending to the head, 
close to the ears. 

Carpus, Kapiroi the wrist ; the 
eight small bones at the wrist. 

Cartilage, cartilago gristle. 

Caruncula, caro flesh; a little 
fleshy mass. 

Cauda equina, horse tail ; the col- 
lection of large nerves descend- 
ing from the lower end of the 
spinal cord. 

Caudal, belonging to the tail, as 
caudal vertebrae. 

Cerebellum little brain ; the part 
of the brain overhanging the 
medulla oblongata. 

Cerebrum brain ; technicallv ap- 
plied to the part of the brain 
above the cerebellum and pons 
Varolii. 

Cervical, cervix the neck ; belong- 
ing to the neck, as cervical ver- 
tebrae. 

Cerumen, cera wax ; the wax of 
the ears. 

Chalaza, x'^<^'io- hail, a pimple; 
the string which suspends the 
yolk of an egg. 

Cmoropliyll, ^u>p6i green, and 
4>v\\ov a leaf; the green colour- 
ing matter found in leaves. 

Cholesterln, x^^^ bile, and arreap 
suet ; a greasy substance which 
crystalUzes in quadrilateral 
scales, found in bile, and ob- 
tained by decomposition of 
various textures, especially brain 
substance. 

Cbondrln, xovSpo^ cartilage ; a sub- 
stance nearly allied to gelatin, 
obtained from cartilage. 

Cborda dorsalls, dorsal cord : an 

H 



embryonic structure in the posi- 
tion afterwards occupied by the 
bodies of the vertebrae. 

Chorda tjrmpanl, cord of the tym- 
panum ; a nerve which traverses 
the tympanum of the ear. 

Cliordsd tendlnesB, tendinous cords; 
the threads which retain in posi- 
tion the cusps of the auriculo- 
ventricular valves of the heart. 

Chorion, yopiov skin ; the outer 
membrane surrounding the 
foetus. 

Choroid, x^P°^ ^ choir, and tldov 
form ; a structure formed of 
numbers of small blood vessels 
combined, as the choroid plex- 
uses of tne brain, and choroid 
tunic of the eye. 

Chyle, xvA.os juice ; the substance 
taken up by the lacteals. 

Chyme, vew 1 pour ; the pulp sent 
from the stomach into tue in- 
testine. 

Clcatrlcula, a little cicatrix, the 
part of the yolk of a bird's egg 
m which the embryo appears. 

Clcatrlz, a scar. 

Clllum, an eyelash ; a lash such as 
those which keep constantly 
moving on some nucleated cor- 
puscles. 

Clrcnmvallate, circum around, 
and vallum a rampart ; sur- 
rounded by a rampart, as certain 
papillae of the tongue are. 

Clavicle, clavis a key ; the collar 
bone. 

Coccyx, a cuckoo ; the caudal 
vertebrae of man, named from 
being united to form a structure 
like a cuckoo's beak. 

Cochlea, a snail's shell ; the spiral 
part of the labyrinth of the ear. 

Colloid, KokKa glue, and elSov 
form^ like glue or gum. In 
chemistry, a substance whose 
solutions are imcerfect and in- 
diffusible througn membranes. 

Colon, KtttXov a member of the 
body ; the great intestine. 

Colostrum, theflrst milk after the 
birth of the child. 

Coma, Kiona a deep sleep \ ysxiRsn^* 
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otber than deficient pressure of 
blood on the brain. 

CommlBsnre, commissura a join- 
ing ; a connecting link between 
two parts in the cerebro-spinal 
axis. 

Ckmeha, a shell ; the cnp of the 
ear. 

Conjonctlya {membrana), conjoin- 
ing membrane; the mncous 
membrane folded over the front 
of the eye-ball and the interior 
of the eye-lids, joining them to- 
gether. 

Condyle, k6vSu\o9 a knuckle ; usu- 
ally applied to a prominent ar- 
ticular surface. 

Coracoid, Kopa^ a crow, and elSov 
form ; shaped like a crow's 
beak, coracoid process of scap- 
ula. 

Corlum, skin ; a name for the 
cutis vera. 

Cornea {tunica)^ the corneous or 
horny tunic ; the transparent 
part of the outer tunic of the 
eye-ball. 

Comu, a horn ; applied to things 
projecting like horns, as the 
cornua of the ventricles of the 
brain, and of the grey matter 
of the spinal cord. 

Coronoid, Kopthvti a crow, and elSov 
form ; like a crow's beak ; thus 
coronoid process of ulna and of 
lower jaw. 

Corpora alblcantla, whitish 
bodies ; a pair of bodies on the 
base of the brain. 

Corpora quadrlgemina, bodies 
four at a birth ; a part of the 
brain exhibiting four elevations. 

Corpora striata, striped bodies; a 
pair of structures in the brain. 

Corpus callosum, hard body ; the 
great transverse commissure of 
the cerebral hemispheres. 

Corpus luteum, yelfow body ; a 
body found in the ruptured 
Graafian vesicle, from which the 
ovum has escaped. 

Cortical, cortex bark ; applied to 
outside portions of organs. 

OoBtal, costa a rib ; belonging to a 
rih. 



Cribrifonn, cribrum a sieve ; per- 
forated with small holes. 

Cricoid, KpUoi a ring, and 1IS09 
form ; the name of the lower 
cartilage of the larynx. 

Cruorin, cruor gore ; the colouring 
matter of the blood. 

Cms, a leg, shank, or column of 
support ; thus, the crura cerebri, 
crura cerebelli, and crura of the 
fornix. 

Crosta petrosa, stony crust; a 
substance allied to oone, coat- 
ing the fan^ of teeth, and in 
many animals filling depressions 
in the enamel. 

Crystalloid, KpucrraXAos crystal, 
and ilSo9 form ; a substance, 
the solutions of which are dif- 
fusible through membranes, 
such substances being generally 
capable of crystallization. 

Cuboid, Kv^oi a cube, and cldos 
form ; the name of a bone of the 
foot. 

Cuneiform, cuneus a wedge, and 
forma form; the name of one 
Done in the hand and of three 
bones in the foot. 

Cusp, cu8vi8 a spear-point, or other 
pointed extremity ; thus, the 
cusps of the crowns of teeth, 
and of the auriculo- ventricular 
valves. 

Cutis vera, true skin; the in- 
tegument beneath the cuticle. 

Cyanosis, Kvavo^ dark blue ; a 
blue-skinned condition, the re- 
sult of deficient aeration of the 
blood, in consequence of patency, 
after birth, of the foramen ovale 
between the auricles of the 
heart. 

Cystic, Kuo-Tts a bladder ; belong- 
ing to a bladder, as the cystic 
duct, the duct of the gall 
bladder; also, having bladders 
or cysts, as a cystic tumour. 

Decidua, things subject to falling 
or to be shed ; growths of the 
mucous membrane of the 
uterus during pregnancy ; dis- 
tinguished as aecidua vera, re- 
\ ^Qii^^ ^vi^ ^^rotin^ — the true. 
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the reflected, and the late de- 
cidua. The milk-teeth are called 
deciduous, on account of being 
shed. 

Decussation, dectisscUio a cutting 
across in the form of the letter 
X ; a crossing of fibres or other 
structures, at right angles, and 
also otherwise. 

Deglutition, de down, and glutio 
I swallow ; the act of swallow- 
ing. 

Dentine, (^6/15 a tooth ; the texture 
of which the teeth in greater 
part consist. 

Depuration, de awav from, and 
purus pure ; the clearing away 
of impurities. 

Derma, Sipfxa a skin; the cutis 
vera. 

Desquamation, de and squama a 
scale ; falling away of scales. 

Diapliragm, did across, and 4>p^y- 
ua a fence; any partition (as the 
diaphragm of a microscope), by 
means of which the aperture for 
the admission of light is dimin- 
ished \ the midriff or muscular 
partition separating the thoracic 
irom the abdominal cavitv. 

Diaphysis, cid right through, and 
^(/ais growth ; the centre of os- 
sification of the main length or 
shaft of a long bone. 

Dicrotism, BU twice, and Kporito 
I beat; the double beating of 
the arterial pulse. 

Digestion, digero I divide; the 
conversion of the food into a 
substance capable of absorption. 

Discus proligeruB, disc bearing the 
offspring ; a coating of granules 
on the ovum. 

Dorsal, dorsum the back ; is pro- 
perly used in opposition to 
ventral ; but in the case of the 
dorsal vertebrae, it is applied to 
the twelve vertebrae which bear 
the ribs, and ought to be sup- 
planted by the word thoracic 

Ductus communis choledochus, 
Xo\n bile, and deyofxai I re- 
ceive ; the common Dile duct. 

Duodenum, duodeni twelve; the 
part of the in^stme immedi- 



ately succeeding the stomach ; 
named from being considered 
about twelve ilDger- breadths 
long. 
Dura mater, hard mother; the 
name of the tough fibrous cover- 
ing of the brain and spinal cord. 

Electrotonus, vXcktpov amber, 
and Toi/os tension ; the electric 
condition into which a nerve is 
thrown when a continuous cur- 
rent of electricity passes along 
any part of its course. lu 

Embryo, e/xfipvov {ev within, and 
^pvui I swell) ; the young before 
birth ; applied principally to 
the very early stages of exist- 
ence, and used in reference to 
plants as well as animals. 

Embryology, e/x^pvou, and Xoyos 
discourse; the study of develop- 
ment. 

Emunctory, emungo I wipe ; any 
part by which waste matter is 
got rid of. 

Enamel, in French imail, in 
Italian smalto, fieXSu} I melt ; a 
fused substance spread on a sur- 
face J the name given to the ex- 
ceedinglv hard texture which 
covers the crowns of the teeth. 

Encephalon, iv within, and ke- 
ibaXii the head ; the whole brain 
down to where the medulla ob- 
longata is continued into the 
spinal cord. 

Endogenous, evSov within, and 
yevvdta I bring forth ; growing 
in the interior of the pre-exist- 
ing structure. 

Endolymph, eviov within, and 
lympha water ; the fluid within 
the membranous labyrinth. 

Endosmosis, ev^ov within, and 
iaQeta I push ; the current from 
without inwards, when diffusion 
of fluids takes place through a 
membrane. 

Endothelium, Mov within, and 
Q&Ww I bloom ; an exceedingly 
delicate coating of squamous 
corpuscles found in the lutecvox 
of camWwrj \^<tiQ^-^^ss»^^ "^^^ 



sod 



GLOSSARY. 



Spidcrmli, ^t upoOf and iepfxa 
the skiu ; the cuticle or scarf 
ftkiu. 
'SpigaBtrlum, eiri upoD, and yaa- 
Tt'ii) the belly ; the upper abdo- 
minal region, below the sternum 
and between the costal carti- 
lages of opposite sides. 

Epiglottis, iirl \\\x>n. and glottis ; 
the cartilaginous lid which lies 
above the ^ottis. 

SplpbTsUc i'frl uvK>n, and <>uo-t? 
growth ; a supplementary centre 
of ossiticatiou, such as those 
found at the extremities of long 
bones and at the tips of the 
spinous and transverse processes 
ot vertebrae. 

Epithelium, iici upon, and 0<(\Xcu 
I bloom ; a coating of one or 
more strata of nucleated cor- 
puscles on a free surfaca 

Etnmold, iidfAo^ a sieve, and eldo^ 
form ; one of the bones of the 
head, so named from being per- 
forated with a number of little 
holes, through which the tila- 
mouts of the nerve of smell 
pass. 

Excretln, excreta things excreted ; 
a crystalline substance obtained 
from feeces. 

Excretion, ex out, and cresco 1 
grow ; any waste material thrown 
out from the body. 

Exogenous, e^M without, and yev- 
vuu) I bring forth ; growing out- 
side the pre-existing structure. 

ExosmoBls, €^M without, and w^ew 
I push ; the current from with- 
in outwards, when diffusion of 
fluids takes place through a 
membrane. 

FsBces, dregs; the discharges by 

the bowel. 
Falz, a sickle ; falx cerebri a pro- 
cess of dura mater between the 

cerebral hemispheres. 
Fascia, a bandage; felted white 

fibrous tissue disposed in the 

form of a membrane. 
Fasdculus, a little bundle, as 

those of iDUSCuUr and nerve 

'^brea. 
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Fauces, faux the gullet ; the pas* 
sage beneath the soft palate, be* 
tween the mouth and i)harynx. 

Femor, the thigh ; the thigh bone. 

Fenestra oyalis and fenestra ro- 
tunda, the oval and the round 
window; two apertures in the 
bone between the tympanic 
cavity and the labyrinth of the 
ear 

Flbrlila, a Uttle fibre ; one of the 
longitudinal threads into which 
a striped muscular fibre can be 
divided. 

Fibrin, ^-a a fibre ; a variety of 
albuminoid substance, named 
from its coagulating and ex- 
hibiting a fibrous structure. 

Fibrinogen, fibrin^ and ytwaw I 
bring forth ; the substance in 
the blood and elsewhere which 
coagulates on addition of fibrino- 
plastin. 

FlDrlnopla8tln,^&r{n, and nrXaooa 
I fashion; the substance which, 
added to fibrinogen, causes it 
to coagulate. 

Fibula, a dasp or buckle ; the 
small or outer bone of the 
leg. 

FUlform, JUum a thread, and 
forma form ; thread-like, as the 
filiform papillas of the tongue. 

FUum termlnale, the terminal 
thread which descends from the 
extremity of the spinal cord. 

Fimbriated, firnbria a fringe ; 
fringed. 

Flsslparous, fiaaua cleft, and pario 
I bring forth ; multiplying by 
division into equal parts. 

Fcetus, the young of any animal ; 
the unborn offspring. 

Follicle, foUUculus diminutive of 
follia a Dag; a simple gland or 
other pouch, as the follicles of 
Lieberkuhn and closed follicles. 

Foramen, a hole. 

Fornix, an arch; a part of the 
brain. 

Fossa, a ditch ; a depression, par- 
ticularly in a bone. 

Fovea centraUP, the central pit ; 
. a part of the retina. 
\ Ttoil\«^ irons \iJt\^ iQt%\\««.d ; the 
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name of tlie bone which forms 
the forehead. 

Fundus, the bottom of anything ; 
used with reference to hollow 
viscera, such as the uterus and 
bladder. 

Fungiform, fungus a mushroom; 
thicker at the extremity than 
at the attached part, as the 
fungiform papillas of the tongue. 

Ganglion, both Greek and Latin, 
a swelling or hard knot or 
lump; in anatomy, a swelling 
on a nerve, and any nervous 
centre. 

Ganglion impar, ganglion without 
fellow ; the mesial ly situated 
lowest ganglion of the sym- 
pathetic chain. 

Galvanometer, galvanism (from 
OalvanVit and ficTpov a measure ; 
an instrument which indicates 
the presence, direction, and 
strength of a galvanic current 
by the deviations of a magnetic 
needle. 

Gastrocnemius, yaarvp a bellv, 
and Kvvfin the leg; a muscle 
named from forming, in part, 
the swelling of the cali of the leg. 

Ctelatin, gelo I freeze; a nitro- 
genous substance, obtained by 
boiling integument and other 
tissues, the solutions of which 
form a jelly on cooling. 

Gemmiparous, gemma a bud, and 
pario I bring forth ; repro- 
ducing by buds. ra 

Gingljrmus, yiyyXvfio^ a hinge ; a 
joint which admits of move- 
ment in only one plane— that is, 
ilexion and extension. 

Glenoid, yXninf the pupil, or a 
shallow depression, and elSov 
form. The glenoid fossa is the 
name given to the articular sur- 
face of the scapula. 

Glomerulus, glomus a clew of 
thread ; the clump of vessels 
within a Malpighian corpuscle 
of the kidney. 

Glottis, yXcoTTa the tongue ; the 

- aperture into the wind-pipe, be- 
tween the vocal cords. 



Glycogen, yXvKvt sweet, ytwdo) I 
bring forth ; a substance formed 
in the liver, convertible into 
grape sugar or glucose; called 
also amyloid substance. 

Qyil operti, hidden convolutions ; 
another name for the Island of 
Reil ; the convolutions at the 
bifurcation of the fissure of 
Sylvius. 

Hsampglobin, more properly 
hsematoglobulin, aXfia blood, 
and globulin {globulus a globule) ; 
the globulin of the blood; a 
variety of albuminoid substance, 
characteristic of the red blood 
corpuscles. 

Hsamatin, dl/jia blood ; an in- 
soluble substance, containing in 
an altered form the colouring 
matter of the blood. 

Helicotrema, eXi^ a spiral, and 
TpTjua a hole; the opening by 
which the two scalas communi- 
cate at the summit of the 
cochlea. 

Helix, eXi^ a spiral ; the elevation 
which forms the greater part of 
the margin of the outer ear. 

Hepatic, tj-Trap the liver; belong- 
ing to the liver. 

Hippocampus, tTT'Tros a horse, and 
Kafxir-fi a bending ; a fish with a 
head like a horse, and a curly 
tail ; the name of certain curved 
structures in the brain. 

Hilus, hUum the mark on the con- 
cavity of a bean ; the concave 
part of the kidney where the 
ureter emerges. 

Histology, lo-Tos a web, and Xoyos 
discourse ; the study of the tex- 
tures. 

Homologous, '6fioio9 similar, and 
\6yoi a word ; similar in struc- 
ture, or having structural af- 
finity, as contradistinguished 
from similarity of function. 

Hyaline and Hyaloid, vaXo9 crys- 
tal ; clear as crystal. 

Hyoid, V, and el^os form ; U 
shaped : the name of the bone 
above the larynx. 

Hypoarla, uiro \rcvAst\ ^\|3icsx ^ 
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bodies on the tinder snrface of 
the brain in tishes. 

Hjrpocliondriimi, inro under, and 
■vovdpo^ cartilage ; the upper 
lateral region of the abdomen, 
under cover of the costal carti- 
lages. 

HypogaBtrlnm, ifiro under, and 
yoiTTtJp the belly ; the lower 
mesial region of the abdomen. 

HsrpoglOMU, viro under, and 
yXioffira the tongue ; under the 
tongue ; the name of the last 
cranial nerve. 

Ileum, elXo) or IWm I twist ; the 
lower three-fifths of the small 
intestine. 

mum, el\4oa T twist : the upper 
division of the os innominatum. 

Imbricated, imbrex a roof -tile; 
sloped one over another, like 
tiles. 

Incisor, incido I cut; incisor [dens) 
a cutting tooth. 

Incus, in and <mdo I hammer ; an 
anvil ; one of the ossicles in the 
tympanum. 

Infundibulum, a funnel ; a hollow 
process descending from the 
third ventricle of the brain to 
the pituitary body. 

Innominate, 7iomen a name; un- 
named; innominate artery and 
innominate bone. 

Intercostal, inter between, and 
co8(a a rib; between two suc- 
cessive ribs. 

Invagination, vagina a sheath ; 
the pushing of one part of a hol- 
low structure into the interior 
of another part, as mav be 
done with the finger of a glove. 

Involution, volvo I roll ; rolling 
in ; backward growth, such as 
the return of the uterus after 
parturition to its ordinary di- 
mensions. 

Iris, a rainbow ; the coloured cur- 
tain in the eye. 

IscMiim, Icrytoi/ the hip; the lower 
and hinder division of the in- 
nominate bone, on which we sit. 

j0junnm, empty; the upper tyro- 



fifths of the small intestine suc- 
ceeding the duodenum. 

Jngal, jugum a yoke; another 
name for the malar or cheek 
bone. 

Jngnlar, jugtdum the fore part of 
the neck ; the name given to 
certain large veins in the neck. 

Ereatin, Kpia9 flesh ; a soluble 
nitrogenous substance contained 
in flesh, and probably a pro- 
duct of decomposition of al- 
buminoid substance. 

Laduymal, lachryma a tear ; hav- 
ing to do with the tears ; as 
lachrymal gland. 

Lacteals, lac milk ; the absorbent 
vessels of the small intestine, 
named from the milky appear- 
ance of the chyle which they 
convey. 

Lacuna, a wet ditch or hollow ; a 
microscopic hollow in the mat- 
rix of bone, occupied in the 
recent state by a bone cor- 
puscle. 

Laryngoscope, Xapvy^ and arKcnrioi 
I behold ; an instrument con- 
sisting of a mirror held in the 
throat, and a reflector to throw 
light on it, by which the in- 
terior of the larynx is brought 
into view. 

Larynx, X&pvy^ the upper part of 
the wind-pipe, extending down 
to the lower border of the cri- 
coid cartilage. 

Lenticular, If^tis or lentkula a len- 
til; the closed follicles of the 
stomach are called lenticular. 

Leucocyte, Xevko? white, KtVos a 
hollow ; a white blood cor- 
puscle ; an objectionable word, 
seeing that those corpuscles are 
not hollow cells. 

Leucocytheniia, XevKo?, jtvtov, and 
alfia blood ; a malady in which 
the number of white corpuscles 
in the blood is greatly increased. 

Ligament, ligamentum a band, ligo 
I bind ; a band uniting two 
structures, usually bones. 
\U<vuor Bangolnis, fluid of the 
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blood; the blood minus the 
corpuscles. 

Locule, loculua (diminutive of 
locus) a little space; a minute 
hollow. 

Lumbar, lurnhus the loin ; belong- 
ing to the loiDs, as lumbar re- 
gion, lumbar vertebrae. 

Lymph, lympha water ; the col- 
ourless Huid brought back from 
the textures bv special absorb- 
ent vessels callea lympliatics; 
also used in pathology to de- 
note clear coagulable substance 
thrown out from the textures 
in abnormal circumstances. 

Malar, mala the prominence of 
the cheek ; the name of the 
cheek-bone. 

Malleus, a hammer; one of the 
ossicles in the tympanum of the 
ear. 

Mamma, the breast. 

Mandible, mandibula (mando I 
chew) the lower jaw. 

Manubrium, a handle ; manubri- 
um of the malleus and of the 
sternum. 

Mastication, fiaardo/xat I chew ; 
the whole mechanical breaking 
up of the food in the mouth. 

Mastoid, /ua<rT09 a breast, and 
elooi form; nipple shaped; the 
name of the process of the tem- 
poral bone, behind the ear. 

Matrix, a womb; the substance 
in which anything is embedded. 

Maxilla, a jaw ; applied to both 
jaws, the bones being respec- 
tively called superior and in- 
ferior maxillary. 

Meatus, a passage ; external and 
internal auditory meatus ; and 
superior, middle, and inferior 
meatus of the nose. 

Meconium, jjiVKMif a poppy ; poppy 
iuice^ the fseces of the new- 
born infant. 

Medulla oblongata^ elongated 
marrow ; the part of the brain 
continuous with the spinal cord. 

Medullary, medtUla marrow ; usu- 
ally applied to central parts of 
organs, in opposition to corti- 
cal; but the medullary sheath 



of a nerve fibre is named from 
having a consistence like mar- 
row. 

Meninges, nvviy^ a membrane ; a 
name given to the membranes 
of the brain and spinal cord. 

Mesentery, /ueo-oc middle, and ev- 
Ttpov intestine ; structure form- 
ed by duplication of peritoneum, 
intervening between intestine 
and abdominal wall. 

Metacarpus, fjicrd after, and Tap- 
iro's the wrist ; the five bones be- 
yond the carpus, and support- 
ing the digits of the hand. 

Metatarsus, fiira after, and rap- 
•TTos the flat of the foot ; the 
five bones beyond the tarsus, 
and supporting the toes: 

Mitral, like a mitre ; a name given 
to the bicuspid valve of the 
heart. 

Modiolus, a nave of a wheel ; the 
central column round which the 
cochlea winds. 

Molar, mola a mill; a grinder or 
back tooth. 

Morphology, tiop<p^ form, and 
\6yo^ discourse; the study of 
the laws of form or stnicture in 
living beings. 

Mucus, discharge from the nose ; 
any such viscid secretion ; con* 
taining a peculiar nitrogenous 
substance, mucin. 

Multicuspid, multus many, and 
cuspis a pointed extremity. The 
molar teeth are multicusind, 
having several cusps on tneir 
crowns. 

Musculi paplllares, papillary 
muscles ; the muscular projec- 
tions in the interior of the ven- 
tricles of the heart, to which 
the chordae tendinese of the auri- 
culo- ventricular valves are at* 
tached. 

Myographlon, fiv9 a muscle, and 
ypdfpto I write ; an instrument 
Dy which the rapidity of the 
nervous current is determined 
by the time at which a muscle 
contracts after application of 
stimuli to different parts of the 
course ol t^^ TL«r«^ w^^j^-ivsi^SS^ 
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Myosin, /uvv a muscle; muscle- 
fibrin obtained from living 
muscle. 

Hares, the nostrils ; anterior nares 
the nostrils i)roper; vosterior 
nares the openings of toe nasal 
cavities into the pbarvnx. 

Necrosis, veKpov a dead body ; the 
death of a mass of bona 

nitrogenous, containing nitrogen ; 
organic substances containing 
nitrogen are so called. 

Motochord, vHto^ the back, and 
Xopi^ a string; the embryonic 
structure round which the 
bodies of the vertebrae are de- 
veloped, called also chorda dor- 
sails, 

Nuoba, an nnclassical word for 
the neck; ligamentum nuchxE^ 
the ligament which in many 
animals suspends the head from 
the spines of the vertebrae. 

Nucleus, a kernel; a firm albu- 
minoia structure in the interior 
of a living corpuscle, or such a 
structure in a matrix, though 
no corpuscle be seen to surround 
it 

Nucleolus, diminutive of nucleus; 
a dense body within the sub- 
stance of a nucleus. 

Occipital, occiput {ob and caput) 
the hinder part of the head; 
the name of the hindermost 
bone of the skull. 

Ocellus, diminutive of oculua, a 
little eye; applied to a minute 
eye or a unit of a compound eye 
in the invertebrata. 

Odontoid, a5oi5s a tooth, and tUo^ 
form ; like a tooth ; the name 
of the process surmounting the 
body of the second cervical ver- 
tebra. 

(Esophagus, olffw future of <t>4pto 
1 bear, and fPayeTv to eat ; the 
bearer of things eaten ; the di- 
gestive tube from the point at 
which It becomes a completely 

tion of the pharynx, down to 
the entrance of the stimach? 



Olecranon, ^Xivrj the elbow, and 
Kpavlov the top of the head ; the 
summit of the ulna. 

Olivary, like an olive ; olivary 
eminence of medulla oblongata, 
and olivary process of the 
sphenoid bone. 

Omasum (&/io« raw) a tripe ; the 
third stomach of a ruminant, 
called in French /gwiWet. 

Omplialo-mesenterlc, (^/K^oXostbe 
ravel (see Mesentery) ; the name 
of vessels in the young foetus 
which return blood from the 
walls of the umbilical vesicle. 

Operculum, a lid. The opercula 
of the tooth sacs cover in those 
cavities. 

Ora serrata {aerra a saw), the ser- 
rated margin; the anterior 
border of the retina, so called 
from its serrated appearance in 
the human eye. 

Orbit, orhita the tract in which 
anything rolls; the socket of 
the eyeball. 

Organ, opyavov an instrument 
((^pyov work). 

Organic world, all structures hav- 
ing organs ; namely, animals 
and vegetables. 

Organic matter, such chemical 
compounds as are derived from 
the organic world. 

Organic functions, processes of 
nutrition, independent of con- 
sciousness; in contradistinction 
to animal functions, in which 
consciousness is involved. 

Organism, a being with organs ; 
any plant or animal. 

Organized, having organs ; difif- 
erentiated structure. 

Os magnum, large bone ; the larg- 
est of the eight carpal bones. 

Os uteri, mouth of the womb. 
The OS externum and internum 
are distinguished at the lower 
and upper end of the cervix. 

Osmosis, loQeta I push ; the dif- 
fusion of fluids through mem- 
branes. 

Ossification, oa bone, and facio I 
make ; the formation of bone. 

Osteoblastic, oarreov bone, and 
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pXaarreui I shoot up : osteohlaatic 
corpttsdes, those from which 
boDo is immediately formed. 

Otoconia, 0Z9 an ear, and Kovla 
dust ; minute hard particles in 
the vestibule of the ear. 

OtoUth, 0S9 an ear, and Xidov a 
stone ; used instead of otoconia: 
also applied to larger bodiesfound 
in the ears of some animals, as 
fishes, to which the name oto- 
conia would be inapplicable. 

Ovum, an egg ; applied only to a 
germ which requires impregna- 
tion before being developed. 

Palatal, palatvs; the name of a 
bone which, besides completing 
the wall of the nasal cavity, 
forms the back part of the hard 
palate, behind the superior 
maxillary. 

Pancreas, irdv all, and Kpia^ flesh ; 
the organ called by butchers 
the sweetbread. 

Papilla, a nipple. The papiUsa of 
the skin are the minute eleva- 
tions into which the cutis vera 
is thrown. 

Paralysis, irapa-XCut I loosen from 
beside; the loss of nervous 
power, either motor, sensory, or 
both. 

Parietal, paries a wall. The pari- 
etal layers of serous membranes 
are those lining the walls of the 
cavities within which the vis- 
cera which they surround are 
situated ; parietal bones, those 
which form the middle part of 
the roof of the skull. 

Parotid, 'K-apd beside, and o5s the 
ear ; the name of the salivary 
gland which lies between the 
lower jaw and the ear. 

Parthenogenesis, irapOevo^ a vir- 
gin, and yei/co-is birth ; rei)ro- 
duction by means of an unim- 
pregnated germ. 

Patella, a dish ; the knee-pan. 

Pelvis, a basin ; the cavity bound- 
ed by the ossa innominata and 
sacrum. The part below the 
line extending round from the 
base of the sacrum to the sym- 



physis pubis is the (rue pelvis; 
the part between the expanded 
blades of the iliac bones is the 
faUe pelvis. 

Pepsin, nricra'to or irejTTUi to COok or 
digest ; the active principle of 
the gastric juice. 

Peptone, •jreTTTcu; anitrogenous sub- 
stance rendered by action of the 
gastric juice fit for absorption. 

Pericardium, iripl around, and 
KopSia the heart : the serous in- 
vestment of the heart, with the 
fibrous bag in which it is con- 
tained. 

Perichondrium, irept around, and 
XovSpo^ cartilage: a fibrous 
membrane containing blood- 
vessels, surrounding cartilage. 

Perilymph, nrtpi around, and lym' 
pha water; the fluid in which 
the membranous labyrinth of 
the ear is suspended. 

Periosteum, irepf, and dareov 
bone; the fibrous membrane 
surrounding a bone, and con- 
taining the ramifications of 
arteries, small twigs of which 
penetrate into the interior. 

Periphery, vepl, and (pepm I bear ; 
circumference; the surrounding 
parts as contrasted with any 
centre. Thus the spinal nerves 
are called peripheral nerves, as 
contrasted with the nerve fibres 
within the brain and spinal cord. 

Peristaltic, irspi, and <rre\\m I 
dispose ; the name given to that 
kind of movement which takes 
place in the walls of the intes- 
tine, the wave of contraction 
embracing the viscus, and 
travelling onwards ; Imewise 
called vermicular movement. 

Peritoneum, ircpt, and Tehco I 
stretch : the serous membrane 
of the abdominal cavity. 

Petrous, nrerpoi a stone ; stony. 
The basal part of the temporal 
bone is called the petrous por- 
tion, on account of its hardness. 

Phalanx, (^dXay^ a line of soldiers ; 
a rank : a bone of a di^t ; 
named irom those bones being 
disposed iu tq^^. 
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^tjkpvyP tbe throat ; the 
part bBDind the nose, month, 
and larynx, and above the oeso- 
pha^ns. 

Flioapli^iie, ^wv light, and <pal»o- 
Mac I appear; an appearance of 
light produced by pressure on 
the eye-balL 

Flirenle, ^pi$v the midriff; belong- 
ing to the diaphragm; as the 
phrenic nerva 

Pnrenology, tftp^v the mind, and 
Xoyov discourse ; a study of the 
brain or sknll, with a view to 
discovering the mental qualities. 
The particular theory originated 
by Gall is usually meant. 

Tbjticlogj^ tftva-ii nature, and 
Xoyov discourse; the study of 
the operations wnich take place 
in living beings. 

Pla mater, pious mother; the 
vascular covering which closely 
invests the brain and spinal cord. 

Pineal, pinea a pine. The pineal 
Ixxhr IS a portion of the brain 
in front of the corpora quadri- 
gemina, shaped something like 
a fir cone, and also called cona- 
riunu 

Pinna, a fin or a pinion : the ex- 
pansion of the external ear. 

Pisiform, visum a pea ; the name 
of one oi the carpal bones. 

Pituitary, nituita phlegm. The 
pituitary body is the name of a 
structure at the base of the 
brain, formerly looked on as a 
gland. 

Placenta, a cake ; the after-birth. 

Plasma, "w-Xdo-ixa a thing modelled. 
Is used to signify material from 
which structure is formed ; 
thus, blood plasma is another 
name for liquor sanguinis. 

Pleura, "w-Xevpo a rib; the serous 
membrane which invests the 
lung. 

Plexus, woven ; a set of nervous 
trunks or twigs more or less 
closely matted together. 

PUca sennllnnarls, semilunar 
fold ; the fold of mucous mem- 
brane resting on the inner part 
of the eye-balL 



Pneumo-gastrlc, trvevficov a lung, 
and ya<rrfip a belly ; the name 
of a cranial nerve which sends 
branches to the lung, and to the 
stomach, and other abdominal 
viscera. 

Pneumonia, nrvevpnov a lung; in- 
flamation of the lungs. 

Portal vein, or vena porta, vein 
of the gate ; the gate alluded to 
being the transverse fissure of 
the liver, in which the portal 
vein divides to send its olood 
into the capillaries of the liver. 
A portal system is an expression 
applied to any redistribution of 
blood from a vein to a second 
set of capillaries. 

Premolar, prcB before ; in front of 
molars; a name applied to tbe 
bicuspid teeth. 

Process, processus a going for- 
ward ; the technical term for 
any projection of bone or other 
tissue. 

Prostate, pro before, and status 
set ; the name of a gland set in 
front of the orifice of the urinary 
bladder in the male. 

Protagon, TrpHTo^ first, and ayco 
I lead ; the name of a chemical 
substance obtained from brain 
matter and other sources. 

Proteld, 7rpu)T09 first ; derived im- 
mediately from protein, a sup- 
posed compound radicle, from 
which Mulder taught that the 
various substances of the al- 
buminoid group were all de- 
rived. Proteia is therefore 
another name for albuminoid ; 
but it is founded on an erro- 
neous theory. 

PsendOBCope, \f/€v8o9 a lie or 
cheat, and aKovdw I behold ; an 
instrument by means of which 
hollow objects are made to ap- 
pear projecting, and projecting 
objects hollow. 

Pten^id, irrepo^ a wing, and 
tldoi form. The pterygoid pro- 
cesses of the sphenoid bone pro- 
ject downwards behind the 
palate bones, with which they 
articulate. 
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Ptyalin, wtww I spit ; the active 
principle contained in saliva. 

Pulmonary, mtlmo a lung, belong- 
ing to the lungs. 

Pus, matter from a sore. 

Pylorus, 'TTuXoupos (ttuXi; oZpos;) a 
gate-keeper ; the opening from 
the stomach into the intestine, 
or, more properly, the struc- 
tures surrounding the opening. 

Radius, a ray or spoke ; the outer 
bone of the fore-arm. 

Beceptaculum chyll, receptacle of 
chyle ; the dilated commence- 
ment of tbe thoracic duct. 

Bectum, for intestinum rectum 
straight gut: the last part of 
the bowel In many mammals 
it passes backwards in a straight 
course from a position well for- 
ward in the abdomen ; but it is 
by no means straight in the 
human subject. 

Renal, ren a kidney, belonging to 
the kidney. 

Bestiform, restia a rope ; the name 
of the tracts of fibres of the 
medulla oblongata, which pass 
into the cerebellum ; they have 
sliglitly spiral marks, like a rope, 
on the surface. 

Beticular, rete a net; in meshes; 
as is the matrix of reticular car- 
tilage. 

Betlculum, a little net; the name 
given to the web of delicate con- 
nective tissue between the ner- 
vous elements in the spinal 
cord and some parts of the 
brain. 

Bete mirabile, wonderful net ; a 
number of branches, derived 
from the breaking up of one or 
more arteries, and uniting again 
into larger trunks. 

Bete mucosum, mucous net; a 

. name for the deep and soft part 
of the cuticle. 

Bigor mortis, rigidity of death. 

Blma glottidis, nssure of the glot- 
tis. 

Bacnmi, sacred; the bone which 
forms the part of the vertebral 



column succeeding the lumbar 
vertebrae, and articulating with 
the pelvic bones; an object of 
superstitious regard, i)robably 
on account of its triangular 
shape. 

Sarcolemma, cr&pl^ flesh, and Xe/u- 
fia a husk ; the membrane which 
surrounds the contractile sub- 
stance of a striped muscular 
fibre. 

Scala, a ladder or staircase. The 
scala tympani and scala vesti- 
buli are the two passages filled 
with perilymph in the cochlea. 

Scaphoid, aKCKpij a hollow vessel 
or boat, and eWo« form; the 
name of one of the carpal an^ 
one of the tarsal bones. 

Scapula, the shoulder-blade. 

Sclerotic, orKXijpoi hard ; the tough 
coat of the eve-ball, which, with 
the cornea, forms its outer wall. 

Sebaceous, sebum tallow; seba- 
ceous glands, those which se- 
crete the oil of the skin. 

Semilunar, semilunaris half -moon 
shaped; the name of a carpal 
bone. 

Sensorium, seniio I perceive by 
the senses ; the nervous centre 
which must be reached by sen- 
sory impressions before they can 
be perceived. 

Sequestrum, sequestra I set aside; 
a dead portion of bone separated 
or destined to separate from the 
living parts. 

Serum, whey; the fluid part of 
the blood, separated from the 
fibrin and corpuscles; serous 
membrane J a membrane form- 
ing a shut sac, and secreting 
serum or fluid sufficient to lub- 
ricate its opposed surfaces. 

Sesamoid, arnaafjiov a kind of seed, 
and €i6o^ form; seed-like. Sesa- 
moid bones are those like seeds 
in tendons. 

Sigmoid, 2 and eUo^ form; shaped 
like an S, as the sigmoid flexure 
of the intestine. 

Sinus, a hollow. Osseous sinuses 
are hollows in bones, filled with 
air, as the frontal sinus. The 
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venoui sinuses in the interior of 
the cranial cavity are hollows in 
the dara mater which perform 
the function of veins. 

flbius pocnlarls, cup-like sinus ; 
a minute hollow in the prostatio 
X)ortion of the urethra, repre- 
senting the uterus in the fenude. 

Smegma, soap; the white soapy 
substance frequently adherent 
to the skins of new-bom infants. 

Solar, sol the sun. The solar 
plexus is the large plexus of 
sympathetic nerves in the upper 
part of the abdomen. 

Soleus, solea a sole; the name of 
a muscle of the calf of the leg, 
shaped much like a sola 

Somnambulism, somnus sleep, and 
anihulo I walk; walking in sleep. 

Spectrum, an appearance; m 
physics, the prismatic colours 
obtained b^ analysis of the rays 
of any luminous body; in phy- 
siology, the image which con- 
tinues to be seen after gazing at 
any bright object. ni 

Spermatozoon, tnripixdsk seed, and 
X^oov a living thing; the essen- 
tial male element of reproduc- 
tion. 

Sphacelus, o-^ciiceXos gangrene. 

Sphenoid, c<in?iif a wedge, and 
cWos form, the name of the 
central bone in the base of the 
skull. 

Sphincter, <r<piyK^rip a tight band; 
a circular muscle which keeps 
an orifice habitually shut. 

Sphygmograph, o-^t/y/uos the 
pulse, and ypafpca I write: an 
instrument with a lever which 
rises and falls with the pulse, 
and has a pen attached to it, by 
means of which it makes a 
tracing on a card moved by 
clock-work. 

Spore, cnropd a seed; a vegetable 
germ which develops without 
impregnation. 

Squamous, squama a scale; con- 
sisting of scales, as squamous 
epithelium; shaped like a scale, 
as the squamous part of the 
temporal bone. 



Stapes, a stirrup ; the name of ft 
stirrup-shaped ossicle in the 
tympanum of the ear. 

Steircorln, stercus dung; a crys- 
talline substance obtained from 
faeces. 

Stereoscope, <rrcpc6^ solid, and 
iTKoireu} I behold; an instrument 
by means of which two views, 
such as might be presented by 
one object to the two eyes, being 
exhibited one to each eye, a 
single picture is seen with the 
solidity and perspective of 
reality. 

Sternum, arrepvov the breast ; the 
breast-Done. 

Stigma, arriyfin a puncture; an 
opening leading into a respira- 
tory tnichea in an insect; the 
part of the pistil of a flower to 
which the pollen is applied, and 
which leads into the ovary. 

Stroma, <rrpiofia a thing spread 
out for lying on; the ground- 
work of a texture, in which 
other parts are imbedded; the 
matrix of a tissue. ^ 

Styloid, arrvXoi a pointed instru- 
ment for writing, and eUo^ 
form ; the name of certain pro- 
cesses, as the styloid process of 
the ulna and of the temporal 
bone. 

Succns intestinalis, intestinal 
juice; the secretion of the 
glands of the mucous membrane 
of the small intestine. 

Sudoriparous, sudor sweat, and 
pario I bring forth ; the sudori- 
parous glands secrete the per- 
spiration. 

Sntura, sutura a seam. While in 
surgery it is applied to any seam 
for closing a wound, is in ana- 
tomy applied to an articulation 
in which two edges of bone are 
immovably united, with only 
periosteum between them. 

Ssrmpathetic, <r«/i/ together with, 
and 'Trddos sufifering; the name 
given to the ganglionic system 
of nerves, on account of its con- 
nection with the cerebro-spinal 
system. 
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Sympbysis, vCv together, and 
<l>v(ri^ growth; a name applied 
to certain instances of incom- 
plete articulation dissimilar in 
their nature, as the symphysis 
pubis and symphysis of the 
lower jaw. 

Ssmchronons, avv together, find 
Xf>ovo9 time; occurring at the 
same time. 

Syncope, avyKoirifi a swoon ; un- 
consciousness, from failure of 
the heart's action. 

Ssmostosls, <rvv together, and 6v- 
-reov bone ; used with reference 
to the bones of the skull ; means 
the preiaature obliteration of 
sutures. 

SsmoYia, <rvv together, and w6v 
an egg; secretion like white of 
egg; the fluid lubricating the 
interior of a joint. 

Ssmtonln, aCv together, and Teii/oi 
I stretch ; a peculiar variety of 
fibrin obtained from muscular 
fibre. 

Tsenia, a ribbon; ioBnia hippo- 
campi and tcenia semtcircutaria^ 
parts in the brain. 

Tapetum, a carpet; the shining 
layer existing in the choroid 
coat of the eye in many ani- 
mals. 

Tarsus, TopoSv the flat of the 
foot ; the seven bones which 
form the instep and heel. 

Teleology, tcXos an end accom- 
])lished, and Xoyov discourse; 
the study of function. 

Temporal, (empua time; whence 
tempora the temples or sides of 
the head where the ravages of 
time are liable to be shown by 
the whitening of the hair; the 
name of the bone at the side 
and base of the skull, in which 
the ear is situated. 

Tendon, tendo a noun from tendo 
I stretch ; a variety of white 
fibrous tissue through the me- 
dium of which muscle is at- 
tached. 

Tentorium a tent ; tentorium cere- 
beUi, the process of dura mater 



which separates the cerebellum 
from the cerebral hemispheres. 

Testis a witness ; the gland secret- 
ing the spermatozoa. 

7etanas, Terai/os tension (tcu/co 
I stretch) ; the spasmodic or in- 
voluntary continued active con- 
traction of muscular fibre. 

Thalamus, ddkafioi a chamber; 
optic thaXam'ua^ the name of a 
portion of the brain from which 
the fibres of the optic tract 
partly arise. 

Thaumotrope, Qavfiu a wonder, 
and T^eirto I turn; an instru- 
ment, in which figures in series 
of different ]x>sition8 are painted 
near the circumference of a 
disc, and the reflections of 
these, being looked at in a 
mirror through openings in a 
card revolving with them, are 
seen in the form of figures, each 
of which performs the movement 
represented in stages on the 
disc. This instrument is also 
called a stroboscope {oTpopeu} I 
whirl). 

Theca a sheath ; a synovial sheath 
of a tendon. 

Thorax, dupaP a breast-plate ; the 
cavity which contains the heart 
and lungs ; or, when the skeleton 
is spoken of, the ribs, dorsal ver- 
tebrae, costal cartilages, and 
sternum. 

Thymus, Bvfio^ heart or soul ; the 
thymus gland, a ductless gland 
in the upper part of the cnest, 
in early life. 

Thyroid, dvpeo^ a shield, and eUo9 
form; the thyroid cartilage, the 
largest cartilage of the larynx ; 
the thyroid body, a ductless 
gland on the front and sides of 
the upper part of the trachea. 

Tibia a flute ; the large inner bone 
of the leg, the shin-bone. 

Tonicity, Toi/ov tightening ; mus- 
cular contraction, of a sught de- 
gree, persistently continuous. 

Tonsil, tonsilla a structure on each 
side of the fauces ; also called 
amygdala, from being the size 
of an almovid. 
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Trabecnla, a little rafter. 

Trachea, T-paxv« rough; the wind- 
pipe. See the word artery. 

Tragus, Tfidyov a goat ; the emi- 
nence in front of the opening of 
tlie ear; sometimes hairy, like 
a goat*8 beard. 

Trapezium, a geometrical figure; 
the name of the carpal bone 
which supports the thumb. 

Trapezoid, a geometrical figure; 
the name of one of the carpal 
bones. 

Tricuspid, tr'ta three, and cuspis 
a pointed extremity; the tri- 
cuspid valve of the heart, con- 
sisting of three cusps. 

Trigone, n-pia three, and ytovia an 
angle; the part of the bladder 
between the openings of the 
ureters and arethra. 

Trochlea, a pulley. 

Tuberosity, tuber a lump ; a thick 
prominence of a bone. 

Turbinated, turbo a turning round ; 
the turbinated bones, all more 
or less curved. 

Tympanum, a timbrel or drum; 
the cavity termed the drum of 
the ear. 

Ulna, wXeVt; the elbow ; the inner 

bone of the fore-amu 
Umbilicus, the navel. 
Unciform, uncus a hook ; the name 

of one of the carpal bones. 
Urachus, ovpov urine, and exeo I 

hold; the constricted part of 

the allantois, which remains as a 

cord ascending from the bladder. 
Ureter, oifpijTnp the duct from the 

kidney to the urinary bladder. 
Urethra, obp^Qpa the excretory 

duct of the bladder. 
Uvula, a little grape ; the pendant 

body at the back of the soft 

palate. 

Vallecula, a little valley ; the hol- 
low in the middle of the under 
surface of the cerebellum^ 



Valvula conniTdntes, valves ap- 
proximating one to another ; the 
folds of mucous membrane 
which project into the small in- 
testine. 

Telum Interpositum, interposed 
curtain ; a fold of pia mater pro- 
longed beneath the fornix, and 
supporting choroid plexuses. 

Velum palata, the soft palate. 

Venn comites, companion veins ; 
two or more veins coursing in 
company with an artery. 

Ventricle, ventriculus {venter a 
belly) a little cavity. The ven- 
tricles of the heart are the 
cavities, the walls of which pro- 
pel the blood. 

Ventriloquist, venter the belly, 
and loqwoT I speak; one who 
has the art of managing his 
voice so as to make it appear 
that the sounds emanate irom 
a different direction. 

Vermicular, vermis a worm ; ver- 
micular movement in waves, 
such as are seen in a worm. 

Vertebra, verio I turn ; a bone of 
the spinal column. 

Vestibule, vestibidum an entrance. 
The vestibule of the ear is the 
part of the labyrinth from which 
the semi-circular canals come 
off. 

Vitelline, vitellus the yolk of an 
egg; belonging to the yolk, as 
the vitelline membrane. 

Vitreous, vitreusoi glass ; the vit- 
reous numor is named from its 
glassy appearance. 

Zona pellucida, tlie pellucid 
zone surrounding the yelk of 
the unimpregnated ovum. 

Zonule of Zinn, the plicated zone 
formed by the suspensory liga- 
ment of tne lens of the eye. 

Zygoma, tvydv a yoke; the arch 
formed by the malar bone and 
zygomatic process of the tem- 
poral bone. 
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ABOMASxnr, 96. 

Absorbent System, 151. 

Absorption, 150. 

Accommodation to Distances, 242. 

Acetabnlum, 31. 

Acromion, 28. 

Agminated Glands, 104. 

Air Cells, 136. 

Albinos, 231. 

Albuminoids, 73. 

Albuminoid Textures, 22. 

Alimentation, 76. 

Allantois, 284. 

Alternate Generation of Aorelia Anrita, 
275. 

Alternate Generation of Hydroid Zoo- 
phyte, 274. 

Ammonia, 12i 

Amoeba, 17. 

Amyloids, 166. 

Analogy of Nerve Terminations, 238. 

Anatomy, 9. 

Animals, Functions of, 13. 

Annnlus Ovalis, 117. 

Anterior Pyramids, 193. 

Aorta, 117. 

Aponeurosis, 22. 

„ Ilum.on, 23. 

Apparatus Lachrymal, 252. 

Apparitions, 213. 

Aqueous Humour, 235. 

Arachnoid Membrane, 185. 

Areolar Tissue, 20. 

Arterial Blood, 112, 161. 

Arterial System, 123. 

Arterial Valves, 119. 

Arteries, 122. 

Arteries, Elasticity of, 124. 

Arteries, Hypogastric, 295, 297. 

Arteries, Puke of, 125. 

Artery, Pulmonary, 117. 

Arthrodia, 47. 

Articular Cartilage, 41. 

Arytenoid Cartilages, 268. 

Ascending Colon, 94. 

Asphyxia, 112, 145, 146. 

Astragalus, 83. 



Atlas and Axis, 34. 
Atmosphere, 143. 
Auditory Nerve, 205. 
Auricles, 114. 
Axis of the Eye, 238. 

Bacillary Layer, 233. 
Basilar Membrane, 263. 
Bees, Reproduction of, 275. 
Bicuspid Valves, 120. 
Bile, 100, 102, 166, 
Biology, 10. 
Bladder, 282. 
Blood, 105. 

Arterial and Venous, 112, 161. 

Capillaries of, 114. 

Chemical Composition of, 109. 

Coagulation of, 105. 

Circulation of, 114. 

Composition of. 111. 

Corpuscles (Human), 106. 

Corpuscles of Frog, 107. 

Flow of, 129. 

Plasma or Liquor Sanguinis, 106. 

Time of Circulation, 130. 

Vessels of Mucous Membrane of 
Stomach, 155. 
Body, Centre of Gravity, 40, 
Bone, 42. 

Bone-Corpuscles, 42. 
Bones of the Hand, SO. 
Brachial Plexus, 189. 
Brain, Diagram of, 197. 
Branchial Processes, 289, 294 
Bronchial Tubes, 135. 
Bronchitis, 135, 140. 
Bronchus, 133, 134. 
Buccal Cavity and Pharynx, 89. 
Buccal Glands, 97. 

Cjecum, 93. 

Calcaneo-cuboid or Plantar Ligaments, 

34. 
Calcaneum, 33. 
Cansiiculi, 42. 
Cancellated Tissue, 42, 45. 
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C^pUIary Network. 1 W 
CSurbotkjrOiuttM. TJ, SO. 

CkrbouMMOtui FoodB, 78. 
Ckrbottio AotO. 11. 70» U3. 

CVlMl BoiMM» 30. 

ClurUlik8<K 40. 

GMrlalai;* ttod MuMle* of Kxtomal Ear. 

Cte^i^^ of th« Larynx. 2«7. 

C»<u of Ittftntdibttla, 13d 

CmmIaI V<Nrtt»bfM»» 31. 

Ctrt)b#Ilutu. \9*. 

Cir<»bna HttittM|>li«rM. li^, 308. 

CiMwbcatioii, UtiooiMoious. 212. 

OiMb(o-*|Muad Sjrstom. 176. 

C»r«bro-«|>UMd Axift« 177. 1S4. 

0«i«bro-4»^iial Nmvoiw Sjratvm, 177. 

Cw«bruDi. 11». 

Otrvioai Flexus, ISa 

CiMok Ligaweuta. 35. 

CiMuaioal Coii)po«itioa of Blood, 109. 

ChioroplivU, i$0. 

CholMtona. 165. 

Choliu Aotil, 165. 

Clioudrtn. 40. 

Chorda Dorsalia, 2S4, 287. 

Cllorda '^rmuaiu, 64. 113, 205. 

Ckordsi TeudiiMM», 120. 

C!lorion. 283. 

Choroid. 236. 

Choroid PlMua, 200. 

Chy 10.154. 

Chyme, 93. 

Cioatrioola, 285. 

Ciliary Prooemea. 231. 

Ciroulation of Blood. 114. 

Clariolo. 28. 

OlMTage of CicatricQlaof Hen's Egg. 2SC. 

CleaYa^ of the Yelk. 2S3. 

Cloeed Follioles, 104. 

Coagulation of Blood. 105 

Coccyx. 81. 

Cochlea. 262. 

Cochlea of New-born Pig, 2vW. 

Cod, The Brain of. 199. 

Colloids, 156. 

Oolour-bliudnees, 248. 

Columnar, Epithelial Cells of Intestine, 

155. 
Combustibility, 12. 
Compact or Bony Tissue, 42. 
Compact Osseous Tissue, Transrerse Sec> 

tion, 43. 
Complete Joints. 47. 
Common Sensation, 218. 
Composition of Blood, 111. 
Compound Sacculated Glands. 03. 
ConnectiTe-tissue-corpuscles, 20. 
Contractility, 16. 
Contraction of Auricles, 119. 
Convolutions of Brain, 195. 
Coracoid Process, 29. 
. Cornea, 228, 



Corpora Quadrigeroina, 207. 

Corpora Albicantia. 108. 

Corpora Striata. 198, 207. 

Corpuscles. Nucleated, 17, 18, 176. 

Corpus Lutenm, 281. 

Connective Tissue from tlie Orbit of the 

Ox, 21. 
Costal Cartilage, 41. 
Coog^ng, 206. 
Coarse of the Ingesta, 88. 
Cranial Nerves, 204. 
Cranium, 35. 
Cricoid Cartilage, 267. 
Crura Cerebelli, 193. 
Crura Cerebri, 207. 
Cruorin, 113. 
Crusta Petrosa, 85. 
Crystalline Lens, 233, 239, 240. 
Crvstalloids, 156. 
CabQid,83. 
Canttform Bones, 80. 
Cuticle. 66. 
Cutis Vera, 67. 

Daltonism, or Colour-blindness. 249 
Death, 300. 

Decidua, Diagram of, 283. 
Decidua Reflexa, 283. 
„ Serotina. 284. 
„ Vera, 283. 
Deep Surftoe of Soleus Muscle, 59. 
l>eglutition, 90, 
Dentine, 84. 
Derma (CutisX 67. 
I>eeoending Colon, 94. 
Development, 10. 

and Reproduction, 273. 

of Bone, 44. 

of Brain and Spinal Cord, 

184, 201, 286. 
ef Heart, 293. 
•rf Kidneys. 17a 
>f Limbs, 289. 
of the Eye, 235. 
of the Pace and Palate 290. 
„ of the Teeth, 85. 

Diagram of Brain, 197. 
„ of Decidua, 283. 
„ of Insect's Eye, 237. 

of the Right Ear, 256. 
„ of the Seminiferous Tubnles 

and Ducts, 281 
„ to Illustrate the Course of Two 
Cones of Light, 240. 
Diaphragm (Midriff), 138. 
Diaphragmatic Breathing, 138. 
Dichrotic Pulse, 127. 
Digestion, Definition of, 82. 
j Digestive Fluids, 96. 
Tubes, 92. 
Disinfectants, 147. 
Dorsal Plate, 288. 
Double-headed Embryos, 276, 
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Dactless Glands, Liyer, and Kidneys, 159. 
Duodenum, 93, 101, 102. 

Ear (Human), 254. 
Effects of Distance on the Eyes, 246. 
Embryo Chick, 287. 
„ Lamb, 290. 
Embryos, Double-headed, 276. 
Enamel, 85. 

Encephalon, Structure of, 198. 
„ Functions of, 206. 

Endosmosis, 156. 
Endothelium, 127. 
Epidermal Appendages, 71. 
Epiglottis, 90. 
Epiphyses, 46. 
Epithelium, 61. 

Ciliated, 62. 225. 
Columnar, 62. 
Glandular, 62. 
Squamous, 61. 
„ Varieties of, 61. 

Ethmoidal Turbinated Bones, 222. 
Ethmoid, 35. 
Eustachian Tube, 257. 
Excretin, 103. 
Ezosmosis, 156. 
Expiration, 143. 

External Auditoiy Meatns, 86, 255. 
„ Cuneiform Bones, 82. 
„ Ear, Cartilage and Muscles of, 

254. 
„ Ear, Description of, 256), 
Eye, Focus of, 242. 
Eyeball, 228. 
EyeUds, 251. 
Eyes, Effects of Distance on, 246. 

Face Bones, 86. 

Fffices, 103. 

Facial Nerve,205. 

FcBtal Circulation, 29a 

Foetus, 284. 

Fascia, 22. 

Fauces, 88. 

Febrile Affections, 149. 

Femur, or Thigh Bone, 32. 

Fenestra Rotunda, 258. 

Fibre Cells of Unstriped Fibre, 55. 

„ Striped Muscular, 54. 
PibrillsB, 54. 
Fibrin, 105, 110. 
Fibrinogen, 110. 
Fibrinoplastin, 110. 
Fibro-Cartilages, 42. 
Fish, Heart and Great Vessels of, 115. 
FlaYour, 227. 
Flexor Muscles, 129. 
Focus of the Eye, 242. 
Foot, 33. 

Foramen Magnum, 35l 
Fossa, 117. 

Frog, Heart and Great Vessels of, 115 
Frog's Lung, 134k 

14 



Front View of the Bones of the Hand, 80. 
Functions of the Eocephalon, 206. 

Gall Bladder, 165 
Galvanometer, 6U 
Ganglia, 122, 176L 
Ganglion, 176. 
Gastric Follicles, 9ft 

„ Juice. 98. 
Gelatinoids, 78. 
Germinal Membrane, 284. 
Gestation, Period of in Human Species, 

297. 
Giddiness and Nausea, 221. 
Glands (BrtLnner's), 100. 

„ Compound Sacculated, 63. 
Gland Lachrymal, 251. 
Glands, Peptic, 99. 
Gland, Submaxillary, 07. 
Glossopharyngeal Nerve, 205 
Glottic, 89. 
Glutei Muscles, 38. 
Glycogen, 166. 
Graafian Vesicles, 270. 
Grey Matter of the Convolutions, 196. 
Growth after Birth, 299. 
Growth of Head, 800. 
Gums, 88. 

HSMOOLOBIN, 111. 
Hair, 72, 73. 

„ Development of, 76. 
Haiid, Bones of, 30. 

„ Front View of the Bones of, 3/* 
„ Internment of, 65. 
Haversian Canals, 42. 
Head, Growth of, 300. 
Hearing, 253. 
Heart. 116, 216. 

Anatomically Considered, 117 

Action of. 118, 122., 

Action, Regularity of, 125. 

Auricnlo- Ventricular Valves of. 
120. 

Beating of, 121 

Left side of, 120. 

Pulsations of, 121. 

Right Side of, 118. 

and Great Vessels of Pish, 115. 
,, and Great Vessels of Frog, 116. 
Hemispheres, Cerebral, 195. 
Hemisphere-vesicles, 200 
Hen's Eggs, 286. 
Hepatic Lobule, 168. 

„ Structure, 164. 
Hiccough, 207. 
Hilus of Kidney, 168. 
Histology, 11. 
Human Aponeurosis, 23. 

Eye, 229. 

Kidneys, 170. 

Heart and Vessels, 116. 

Ovum, 277. 
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Hoinao Windpipe and Luigi, 139. 
Hamema, or Ana Bone, 88. 
Hyaline Cartilage, 40. 
Hyaloid Membianep 282. 
Hydrogen, 12. 
Hyoid Bone. 89. 
HypoariA, 20. 
Hypogloaal Kerres, SOS. 

Ilbo-c»uo Valyk, M. 

Ileum, 98. 

lUum, 8L 

Indoor Tooth, 83. 

Incomplete Joints, 40. 

lacns, 258. 

Inferior Cakaneo-eoaphold ligament, 84. 

„ Maxilla, 86. 

„ Turbinated Bones, 87. 
Infandibnlam, ISO, 198. 
Ingesta, Course of, 88. 
Inseof s Eye, Diagram of, 237. 
Inspiration, Acts of, 141. 
Integument, The, 65. 

„ of Hand, 65. 

Intercostal Fibres, 188. 
Internal Ear, 260. 
Internal Temperature, 148. 
Intestine, 93. 
Iris, 230. 
Irritability, 16. 
Ischium, 81. 

Jejunum, 93. 

Joints or Articulations, 46. 
Joints, Incomplete, 46. 
Jugal or Malar Bones, 37. 
Juice, Gtofltric, 98. 

Kanoaboo, Kidneys of, 169. 
Kidneys, 168. 

Cortical Portion of, 169. 

Human, 170. 

Medullary, 16a 

of Kangaroo, 169. 

of Seal, 170. 

Primordial, 168. 
,, Texture of, 171. 
Kreatin, 5Cl 

Lachbymal Gland, 251. 
,, Apparatus, 251. 

„ Bones, 37. 

Lacteals, 153. 
LacunsB, 42. 

LacuusB and Canaliculi, 43. 
Lamb, Embryo Brain o^ 202. 
Larynx, The, 270, 134. 

Cartilages of, 267. 
Mesial Section of, 268. 
„ Muscles of 269. 
Lateral Ventricles, 203. 
Laxator lympaai Muade, 259. 
Leaping, 60. 
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Lsntioalar Glands, 104. 
Lerator FalpebrsB Muacle, 252. 

„ Falati Muscle, 257. 
Lenoooytea, 108. 

LeYsn, Three Orders of, 51, 52. 
Iieberk11hn*s FoUidea, lOL 
Ligament, 23. 

„ Orbiealar, 8a 
ligamentum Denticnlatum, 185. 

„ KudisB of tibe Hoxae, SO. 

liYBT, 102, 162, 167. 
Lobules of Human Lung, 137. 
Lobule of liyer of Oyster, 64. 
Lobule of Pttrotid Gluid of EmlMaro 

Lamb, 64. 
Looalixation of Impressions, 20. 
Lumbar and Sacral Plexus, 18a 

„ Interrertebral Diso, 47. 

„ Vertebra, 81. 
Ijmph, 152. 

„ Corpuscles, 158. 
Lymphatic Vesseis, 150. 

Glands, 109, 152 
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Malar or Jugal Bones, 87. 

Malleus, 258. 

Malpighian Corpusdes, 16L 

„ „ Relations of, 172. 

„ », Structure oi; 173. 

MammsB, 298. 

Mammalian Brain in a Foetal Stage, 201. 
Mastication, 90. 
Mastoid, 36. 
Mastoid Cells, 258. 
Matrix of Nail, 71. 
Maxillary Lobe, 29a 
Medulla, 73. 

„ Oblongata, 206, 193. 
Medullary Kidneys, 169. 
Membrana Nictitans, 253. 

„ Tympani, 254, 256, 265 
Membrane Aradmoid, 185. 

., Basilar, 263. 
Membranous Labyrinth, 261. 
„ Vestibule, 261. 

Mesenteric Glands, 153. 
Mesial Section of Brain, 195. 

„ „ of Larynx, 268. 

Metacarpal Bones, 30. 
Middle Ear, 257. 
Milk, Constituents of, 298. 
Modiolus, 262. 
Molar Tooth, 84. 
Movable Articulations, 46. 
Mucous Membrane, 60, 98. 
Multipolar Nerre-corpuscle, 183. 
Muscles, Intercostal, 140. 
„ of the Eyeball, 243. 
,, of the Larynx, 269. 
Muscular Fibre, 53. 

„ ,, Striped. 

„ Tissue, Unstriped, 55. 
\ Kxunull Papillares, 120 



N«ir«iii, SOI, 
Kam4wpiuial«. 189. 

„ UultipDlu 1S3. 

Nwre-fibr™, ISl. 
Nsrrii, BIsrtrto ProperHw of, 180. 

MerfoM HyikiQ, ITe, 

FunirtJon9or,ira, 1 

Nltekgan, 77r 14^ 
Kitn^eDoiu Foala, 7S, 

KoD-lJtroesGaiu BabManiH, 11. 



Occipital Bddb, 36. 
Odontoid Ftoow, S5. 
CEBophAgOH, fid. 
OlbetoiT BolH 19^ 
„ Cella, 224. 



Omphslo-Diiwiatrio Vslni, WS. 

Sjfom, sat 
Optio Lobaa, 19" 



OrMimlHli Palpalmniiii Uiud*. H 

Orbieolu Llgimsnt, 90. 

Orgna of OortI, SH. 

Oliuila Hatter, 11, 

OifaaiaM, 11, 

Omnia WinOd, 12. 

Oi Kngnum, 30. 

Oimoeis, Ibi. 

Oi Pnhl^ SI. 

OsHona Labyriotb, 260. 

OatfflihlMtioC '- '■ 

OfbHh, Tbo, ' 



FMdnlMk OorpoMlM, and B' 
Palatiklg, B7. 



S23 

itaiwifta, 



^gmant Corpuiola of the ChDrrid Coat, 



PhnnoJogy, 210. 
PhjBiQlogj, fl. 

PinsU Boity, IM, 
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n OrooYC at Bahblli, 296, tea 



Pcoleldi, le. 
pnrtaplASD, 10. 
Pt4rjBnld ProdOBaet, 37 

Polmonfliy Artary, 111 



PjramidBofMilpiglii, 170. 



RuHUS and Ulna, 39. 
HMaptaanlam ohjU, 1» 
KBtam,M,W. 
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«mI l>»T«lopitt«iit, trs. 
UmimiTii II MMi YMuMTAluriK 133. 
ikbalriMUMt of. lift. 

lUlMulttf CAriUi4(«» AX. 
HwUvuluut, MiK 
lUUiMw ^tti. «H. «Mi. 

kium UluMiUia. M& 
HmvoImuuus M. 

(MmU. K,ulu»>« v>r. 170. 

2^ . . luu v>t' <.*uruia v>r Um Ox» SMk 
uf HUUMM }/^% «tt. 
vMf MioiuitAluui Oviuu»» :WA. 

u of )%u i^j«Mli»d Toaail» 100i» 
8eon*liug C\>r)HUkoUM, (H. 

MmtiMK. iiuiub«i: vf, :til^ 

i^lMVUil MoiulMniiHMt <M. 

^ruiu, lot, 

(^tMtuuokl BoB«, Si. 

bvxuid Kwi»rodu«tioB iu V«rWb(»ta» ST<^. 

titigittoHi Plwar*^ 9i. 
&^«l«l«a 'fwlMMt. if) 

(ft«l«tou. MwoKanhw of. 48L 

Skull. 3d» 3tk 
81«t»i>. 211 

SiMMing, 807. 
SoUur Pl«zni» 215. 
SolwM MoMl*, fta. 
Solitary QUoida. 104. 
Somnambaliam. 21&, 
Species oi AmoebA, 17* 
Spectn, Ocular, WK 
Speech^ 871. 



BplMiMld,86. 
Bphiooter. Ofii 
Bjiinal Araohnoid, 185. 

Aooeenry N^erre^ 90SL 

., Oord, 186, 187. 

„ Oord, Expenmenta on 
of, 180. 

„ Ganglia, 188. 

„ Nervea, 188. 
Spleen, 102, 161, 168. 
Bquamoas Portioii, 86. 
8tap«a,868. 
Btoroorin, 108. 
Sternum, 27. 
Btlfmata, 138. 
Stomaoh, 01. 

„ Ruminant, 06. 
Striped Muaoolar Fibre, M. 
„ Tiwne, 6i. 

Struotore of Bnoepbalon, 103. 
Superior Maxillary bones, 86. 
Snpra<renal Capsules and Kidn^, 160. 
Suspensory Ligaroent, 234. 
Sutures or Immorable Articulations, 46L 
Sympathetic System of Nerves, 177. 214. 
SymphyaiB Pubis, 8L 
Syncope, 146.1 
^modontis, 88. 
Synostosis, 46. 
Synorial Membrane, 47, 60. 

„ Bunn,6a 
Gtyntooin, 66. 

TAnruic, 881. 

Tarsus and Metatarsus, 82. 

Tkste. 824. 

Taste-cones of Sheep, 826. 

Teeth, 82. 

Tseth, Permanent and Temporary, 87. 

Temperature and Respiration, 133. 

Temperature, internal, 148.| 

TVidcii,88. 

Tentorium Cerebelli, 105. 

Tensor Tympani Muscle, 250. 

Teztural Elements, 11. 

„ Ornrns, 11. 
Texture ot Kidneys, 171. 
Thoraoic Duct, 150. 
Thorax. 140. 

Three Orders of LeTen, 51, 52. 
Thymus Gland, 150. 
Thyroid Body, 150. 
Thyroid Cartilage, 867. 
Thyroid and Thymus Bodies, ICO. 
Tibia, 46. 

„ and Fibula, 82. 
Tissue Areolar, 20l ( 

„ Adipose, 24. 

„ Oanoellated, 42, 45 

« ElMt&o, 28, 24. 

„ Striped Musenlar. 6^ 

„ ConneotiYe, 20, 21. 

„ White Fibrous, 21, 2^ 
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Toiiidtj, 67. 

Tonaili, 88, 104. 

Tonail, Injected Section of, 103. 

Tootli, Inoiaor, 83. 

,, Deyelopment of, SOL 
Touoh-oorpoflctles, 68. 
Trachea, 182. 134. 
Tnnf yene Ck>lon, 94. 
TraiuTene Section of Cheek; 288. 
Trniedom, 80. 
"U'rapesoid, 80. 
Triciupid Valye, 120l 
TriJGBun;J Nenres. 204. 
TmncuB AiterioeoB, 293. 
TaboU Uxioifeii, 169. 
Tunica Vaaoalott, 280. 
Torkey, Brain of. 20L 
Turtle, Brain of, 200. 
l^panio Ossicles, 258. 

„ „ of Bight Ear, 259. 

„ Plate, 236. 
Tjmpanmn (Drum of the Ear), 254, 257. 

Umbilical Artsribs, 295 
Ck)rd,295. 
Vein. 295. 
„ Vesicle, 291. 
Unciform Bones, SO. 
Under Surface of the Brain. 194. 
Unconscious Cerebration, 212. 
Urethra. 282. 
Ureter, 168. 
Urinary Bladder, 178. 
Urine, 174. 

., Constituents of, 174. 
Uterus, Description of, 278. 

„ and OTaries, 278. 

,. of Sheep, 279. 
Uvula, 88. 

Valve of Vieoasens, 198. 
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ValTes, Bioospid, 120. 

„ of the Jtteiies, 119t 
Valvulas Gonnlventes, 100. 
Vascular System, Development of, 292. 
Vaao-motor nerves, 124, 215. 
Veins, Description of, 128. 
Velum PaUtC 88. 
Vena Cava, 148, 

„ Terminalis. 292. 
Venn Comites, 12a 
Venous Valves, 129. 

„ Blood, 112, 161. 

„ System, 181. 
Ventilation, 147. 
Ventral Plate. 288. 
Ventricles, 114. 

., Contraction of, 119. 
„ Lateral, 203. 
Ventriloquist, 265. 

Vermicular or Peristaltic Movement, 91. 
Vermiform Appendage, 93. 

„ Process Inferior, 194. 
., „ Superior, 194. 

Vertebrsa, Arches of, 46. 
Vertebral or Spinal Column, 27, 28. 
Vertical Transverse Section of Chest and 

Stomach, 189 
Villi, 99, 154. 
Vision, 227. 
Vitelline Duct, 291. 
Vitreous Humour, 238. 
Vocal Chords, 268. 
Voice, 267. 

Voice and Speech, 247. 
Voluntary Movement 15. 
Vomiting, 207. 

Walking and Running, 50. 
Wolffian Bodies of Embryo Fig, 169. 

Ztoomatio Pbogjess, 87. 
Zonule of Zinn, 284. 
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